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Consolidated announces the 
€ 


Kvapor-ion 


the first dry high-vacuum pump 


Consolidated Vacuum Corporation announces a revolu- 

tionary new pump for producing high vacuum without organic or mercury fluids 

the EVAPOR-ION—the only commercially available pump to create a “dry” 
vacuum in the pressure range from 10* to 10°mm Hg 

The EVAPOR-ION ts the invention of Professor Ray Herb, Physics Depart- 
ment, University of Wisconsin. It is an electronically-operated device which 
entraps gas molecules through the combined application of metal evaporation 
and ion pumping, producing high pumping speeds, low ultimate pressures, and 
organic vapor-free operating conditions. 

Consolidated has entered into a world-wide licensing agreement with the 
Wisconsin Alumni Research Foundation to manufacture and market the 
EVAPOR-ION pump—a pump that operates without organic or mercury fluids, 
without a jet assembly, and without continuous mechanical pump forepressure 

It needs no refrigerated traps or baffles (which inhibit maximum pump- 
ing speed) to produce low ultimate pressures of 1|O’mm Hg. 

The EVAPOR-ION pump ts ideal for noncyclic vacuum systems like those 
of Van de Graafls, synchrotrons, and other high-voltage particle accelerators 
Its potential applications include the evacuation of electron power tubes, color 
r'V tubes, large X-ray tubes, and mass spectrometers 

Now available for sale is Consolidated’s type 3161-01 EVAPOR-ION pump 
(twelve-inch nominal diameter casing) having a speed for nitrogen of 2,000 liters 
per second and 3,000 liters per second for hydrogen 

For further information, write for your copy of Data Sheet No. 6-140. 

Consolidated Vacuum Corporation, Rochester 3, New York (a subsidiary 
of Consolidated Engineering Corporation of Pasadena, California). Sales offices 


throughout the United States. 
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Inconel offsets thermal and corrosive attack on furnace muffles 
for strip annealing operated at temperatures up to 2200°F. 


Alloy takes 2200°F in stride 
ee. corrosion, too 


It’s hard to find a metal that takes heat 


and COrrosion as Wwe ll as Ine onel, 


Consider this annealing furnace 
muffle, It operates at temperatures up 
to 2200°F . . . superhot combustion 
gases outside, carbon and hydrogen in- 
side. In this inferno every metal tried 
crac ked in weeks 


Now... with Inconel 


of nine months service is being realized 


an average 


Performance like this, when temper 
atures are on the order of 2000°F, 
makes Inconel essential for jet aircraft 
engines, heat treating equipment, 
chemical and petro-chemical ap 
paratus, 


Satisfies special needs in 
atomic energy field, too. 


Inconel is proving of spec ial value 


in the handling of atomic energy prob- 
lems for three reasons. 

Inconel is structurally stable. [t is 
not subject to embrittlement on pro- 
longed heating. 

Inconel is chemically stable. [tr 
sists damage by oxidation, carburiza 
tion and other forms of high tempera 
ture attack, 


Inconel is mechanically stable. | 
retains useful properties to 2100°] 
and over, in some applications 

It resists grain growth and with 
stands thermal shock. 

Inconel is easy-to-work . .. easy 

to form, machine, weld...available 


in all commercial wrought forms. 








tucuntraine Peercerigs | 


(CONT, cnt (ECONTL “TF 


Have you 
something 
on the fire? 


Here are two suggestions 

For your files, get Inco’s 24 
page Technical Bulletin T-7. It 
lists properties of Inconel, shows 
forms available, tells how to fab 
ricate. Just write 

For an immediate high tem 
perature problem, call in Ineo’s 
Technical Service Section... giv- 


ing full details, if possible. W rite 


The international Nickel Company, inc 
67 Wall Street New York N.Y 


4». 


INCO, Nickel Alloys 








j 4 € °o rf el ..- for long life at high temperatures 
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for SAFE HANDLING 


of radioactive materials... 


e Blickman-Built stainless steel laboratory equip- 
ment is designed for the safe handling of radio- 
active materials and other hazardous substances. 
Smooth, polished surfaces, generously rounded cor- 
ners and crevice-free construction assure ease of 
cleaning and decontamination. Basic designs con- 
form to approved current techniques adopted by 
Government laboratories and other research cen- 
ters. Variations of all standard equipment can be 
designed to meet special requirements. 


Above: LOW INTENSITY DRY BOX — Designed for the safe 
hendling of radioactive materials. Also useful for work with 
bocteria, viruses and other hazardous substances. Other types of 
enclosures available include vacuum dry boxes, biological safety 
cabinets and research enclosures, and a complete interchangeable 
dry box system. 


Right: LOS ALAMOS TYPE FUME HOOD — Designed for han- 
dling of radioactive materials. Stainless steei hood construction, 
available in 4’, 8’ and 16’ lengths. Vertically-rising door controls 
air intake. Hood has built-in stainless steel sink and enamelled 
cabinet base for storage. Duct system is attached to rear of hood. 
Other types of hoods and vacuum rack enclosures available. 


q ory Ravioactive ws — 
WASTE CONTAINER re» 


For safe, temporary stor- = 
age of radioactive waste. | 
| 


Pressure on foot lever 

rotates cover segment in 

its own plane, with virtu- 

ally no air disturbance; 

closes automatically when 

pressure is released. Inner 

and outer pails of all- 

welded, stainless steel 

construction. Seamless sur- 

faces and rounded cor- 

ners facilitate cleaning SEND FOR BOOKLET 

G08 Comstentoction, “A Typical Radio-Chemical Laboratory” and for 
technical bulletins about specific equipment. 


S. BLICKMAN, INC. 7908 Gregory Avenue, Weehawken, N. J. 


P ° e : 
an-Built FUME HOODS SEMI-HOT FUME HOODS ENCLOSURES 
m Chimaichon — SanOuaaah ceatatnens tae 
I A 
STAINLESS STEEL Ma = PROCESS UNITS LieuiD waste CONTAINERS CASE r 
TV lTUCLAM i idee 86=—|-PEG BOARDS LABORATORY TRAYS 
mx. STAINLESS STEEL SINK UNITS 
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High Density 
Metal 


In counterweights, high inertia rotors and radio- 
active shielding, the unique properties of Mallory 
1000 Metal offer exceptional opportunities for 
product improvement. To help designers in the 
use of this unusual metal, Mallory has compiled 
all current technical data on characteristics and 
applications into the latest edition of the Technical 
Bulletin on this subject. 


Its 12 pages are full of information never pre- 
viously published in a single catalog. Presented 
in convenient tabular and graphic form are exten- 
sive data accumulated by Mallory’s own research 
and by organizations who are now applying this ver- 
satile material. Among the subjects covered are 
1 complete listing of physical properties 
Properties at elevated temperatures... 
expansion, fatigue, tensile properties 
Radiation shielding data...tenth layer 
thickness up to 10 Mev, absorption for 
various isotope radiation 
Permissible rotation speeds of rotor rings 


Completing the publication is a discussion of the 
excellent corrosion resistance of Mallory 1000, 
and recommendations for machining and joining. 
Altogether, the Bulletin constitutes a valuable 
reference on a meta! that you will be able to apply 
advantageously in many different products. Write 
to Mallory for a copy today. 


USE MALLORY 1000 METAL FOR — 


EFFICIENT RADIATION SHIELDING STARS ROVERS 


a= > 
| 6 


In Canada made and sald by Johnson Matthey & Mallory, Lid 


COMPACT COUNTERWEIGHTS 





Expect more...Get more from 


110 Industry Street. Toronto 15, Ontari _ —EEE 


Serving Industry with These Products: PR MALLORY & CO. Inc 
Electremechanical— Resistors © Switches © Television Tuners © Vibrators : 
Electrochemical—Capacitors * Rectifiers © Mercury Batteries 
Metallurgical— Contacts * Special Metals and Ceramics © Welding Materials moet ee mr. 


P. R. MALLORY &2 CO ; INDIANARPOL 


For information on titanium developments, contact Mallory-Sharon Titanium Corp., Niles, Ohio 
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Now-A Full Line of 


SA NAAAVAVAALZZ7 


111/47) 


B.A — “Radioisotope -Reagents 


LOTS HEPSTI I 


Including Carbon-14 Labeled Compounds ‘and Deuterated Compounds 


Announcing an 


Important New Service 


for Industrial, Scientific 


and Research Laboratories 


FINE CHEMICALS 


i l 
<i>) 


REAGENTS 


(AR) 


BAKER & ADAMSON 
“Keig tttld- 


GENERAL CHEMICAL DIVISION 
ALLIED CHEMICAL & DYE CORPORATION 
40 Rector Street, New York 6, N. Y. 
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Radioisotope reagents provide industrial and research 
chemists with unique new tools for scientific advancement. Their 
potential is tremendous and challenging opening broad new 
areas of investigation in heavy industry, agriculture 
biochemistry, medicine, and fundamental research 


For example, with radiochemicals industrial chemists are 
tracing complex flow of liquids and gases measuring wear 
and abrasion determining performance of new chemical 
agents solving problems once considered impossible 


To supply this growing demand, Baker & Adamson now 
offers an extensive line of radiochemicals for general laboratory 
use. Included are organic and inorganic radioisotopes, 
including Carbon-14 labeled compounds and deuterated 
compounds, produced for B&A by Tracerlab, In 

SPECIAL CATALOG~A catalog on B&A Radiochemicals is 
now ready for distribution. It contains product listings, 
formulae, specific activities, and details on obtaining necessary 
Atomic Energy Commission authorization. This valuable 
catalog serves as an introduction to the whole field of 
research with radioactive chemicals. For your free copy 
attach coupon to your letterhead and mail today ‘ 


Attach to your letterhead and mail. Wied 
hemice! 


BAKER & ADAMSON PRODUCTS, Genera: cHemicat oivision 
ALLIED CHEMICAL & DYE CORPORATION 
40 Rector Street, New York 6,N. ¥ 


Please send a copy of catalog, “Baker & Adamson Radiochemicals” 
Name Position 
Company 


Address E 


tity Zone State NU-8 


i. co aapain cs Susmpnaonacnuitiaeladameed Uae aseihiae aecanaaaaie 
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NATIONAL RADIAC announces... 


A Complete Scintillation Counter 


A versatile instrument for research, medical and industrial use. 
One Standard Counter Fits All Accessories. 


Accommodates any size, any type of National Radiac crystal detectors for measuring 
gamma, beta, alpha particles, neutrons and x-rays. 


SCINTILLATION HEAD 
_ 

Crystals, sealed in thin-walled con- / 
tainers, may be inserted directly in 

radiation beam. Uses 6292 or 5819 

or 6342 photomultiplier tube and 

improved circuit. 100 ohm output 

impedance, permits up to 50 ft. of 

cable. Model SA-2 has self-con 

tained, two-stage preamplifier with 

gain of ten. Easily provides 1 volt 

output pulses. Plateau slope is 3% 

per 100 v. Model SC-2 has cathode 

follower output. Plateau slope is 

2% per 100 v. 


COLLIMATOR ATTACHMENT SAMPLE CHANGER 


WELL TYPE SHIELD 


Pe 
| 


t 

Model LC-2 Collimator Attachment mounted 
on scintillation counter. Includes large, one 
inch diameter by one-inch long sodium iodide 
crystal for high sensitivity. Highly directional 
lead shield in front and behind crystal in 
sures low background. Convenient adjustable 
clamp and stand 


Model LW-2 Shield Attachment holds scintil 
lation counter and two-inch diameter well 
type sodium iodide crystal. Provides full two 
inches of lead shielding in every direction, 
including below counter. low background, 
high sensitivity. Crystal or counter instantly 
removable. 


aut 
aT ap 

Model SM-2 Manval Sample Changer At- 
tachment holds scintillation counter and 


crystal detectors. Provides two inches of lead 
shielding. Holds standard planchets. 





ALPHA COUNTER 
Alpha particle counter. Light 
tight, insensitive to other 
radiations. 


rays 





Hermetically 
sealed sodium 
iodide crystal. 
Best for gamma 


SODIUM IODIDE CRYSTAL 


A Complete Assortment of Crystal Radiation Detectors for Every Counting Need 
Hermetically sealed, thin-walled containers. Optical glass windows. Transmits ultra violet. In- 
terchangeable, permanent, light tight. 


Sodium iodide, 
well type crystal. 
Has § inch di- 
ameter by |} 
inch deep well 


WELL TYPE CRYSTAL 


~ 


BETA COUNTER 


Thin Stilbene single crystal, sen- 
sitive principally to Beta rays. 








Also in sealed mountings, there are other Sin- 


tilon brand detectors which are interchangeable 


with the ones illustrated. 


Lithium iedide crystal neutron counters 


Boron loaded plastic, slow, neutron counters 


20% boron). 

Proton recoil type, fast, neutron counters 
Organic scintillation crystals 

Low cost plastic phosphors. 


(contains 


Send for descriptive bulletins Nos. 9 and 10 


Also handy File Folder 


6 


479 WASHINGTON ST. 


Specify Sintilon® brand crystals manufactured by 


Department N-8 


it Inc. 


NEWARK, N.J. 
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Meehanite water pump 
casing, cast in four parts, 
total weight 121,050 Ibs. 


to handle your casting, machining, welding 


Because of the wide variety of products made, and 
industries served, Farrel has achieved great diversity 
in manufacturing know-how and plant facilities. This 
experience and facilities are available to companies who 
want manufacturing done to their specifications. 


FARREL FOUNDRIES ... can make the most complex 
castings, having superior dimensional control, freedom 
from internal pipe and porosity, and with uniform and 
predictable physical properties. Metals cast include 
various steels, Meehanite® metal, alloy iron, lead and 
ductile iron. Capacity: Meehanite metal castings up to 
Planing rubber mill housings on 12-foot by 70 tons. 
35-foot planer. , 


\ACHINE SHOPS ... can machine parts of 

extreme precision in every conceivable size and com- 
plexity. Not unusual: Tolerances as fine as 0.00005 of 
an inch, Combined machine shops have over 600 
machine tools, including planers for handling work up 
to 40 ft. long by 12 ft. wide, vertical boring mills which 
swing up to 42 ft. diameter, 8-inch and 10-inch bar 
horizontal boring mills, lathes with capacities up to 
8 ft. diameter and 50 ft. length, 
FARREL WELDING SHOPS ... give customer advantages 
of research and experimental welding and brazing done 
by Farrel while developing new manufacturing tech- 
niques. Comprehensive metallurgical and physical- 
testing laboratories assure complete control over all 
operations. 

Welded assembly of steel plate and steel castings Write for new bulletin detailing Farrel products 

for rolling mill drive case. and services developed through close association with 

the atomic energy industry since 1948. Ask for 


ATOMIC INDUSTRY PRODUCTS Bulletin 274. 
Radiation Shielding FARREL-BIRMINGHAM COMPANY, INC., ANSONIA, CONN. 


Reactor Components Plants: Ansonia and Derby, Conn., Buffalo and Rochester, N. Y. 
Transfer and Storage Casks Soles Offices: Ansonia, Buffulo, New York, Akron, Pittsburgh, Chicago, 
Decontamination Cells Fayetteville (N.C.), Los Angeles, Houston 
Remotely Controlled 

Manipulation Equipment 


eee eee \ 
Custom Manufacturing os, of o 
FB-1022 
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NDA 


The Board of Directors of 
NUCLEAR DEVELOPMENT ASSOCIATES, INC. 


announces a change in the name of the organization to 


Nuctear DevetormenNtT coRPORATION oF AmeRICA 


in keeping with its growing role as a major corporation 
in atomic energy and related fields. 


The change is effective on August 1. 


The change in name coincides with expansion into 

a new office and laboratory building at 5 New Street, 
White Plains, and the development of the 1200-acre 
Nuclear Experimental Station near Pawling in 


Dutchess County, N. Y. 


NDA®—the Corporation will retain its familiar 
initials—gains administrative, engineering and laboratory 
space in its move from 18,000 square feet in four 


buildings to 55,000 square feet in a single building. 


At the same time, planning is underway for the 
construction of a reactor “critical” facility at the Nuclear 
Experimental Station in Dutchess County. Future plans 


call for still further expansion of experimental facilities at Pawling. 


We will be happy to meet with engineers and scientists 


interested in participating with NDA in this expanding field. 





Nuctear DevelLorPpmMeNT CORPORATION OF AmeERICA 


ND, i 5 NEW STREET, WHITE PLAINS, N. Y. « TEL. WH 6-5800 
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ROUNDUP of Key Developments in Atomic Energy 





Foreign 
Developments 


Reactor 
Information 


AEC 
Licenses 
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LATE NEWS and Commentary 


As this issue goes to press, the Geneva atomic energy conference is under way. 
With world-wide preoccupation with atomic matters, July saw important develop- 
ments in several countries: 

India. Government policy has been stated as follows: As in the steel sector 
so in nuclear development, India is prepared to examine offers for atomic 
assistance from any country provided there are no political strings attached. 
Economics will dictate what offers are accepted. The Government will build 
its own research reactors. The Trombay swimming-pool reactor, now under 
construction, is the first. Power reactors are still some way off. But the 
Government hopes to use British, French, UK, and U, S, knowhow to set these up 
during the next five years in such power-critical areas as the western India 
textile center of Ahmedabad and northwestern Rajasthan. 

Holland. The bilateral agreement on atomic energy signed between the U, § 
and Holland resulted in the formation last month of the Foundation Reactor 
Center Netherlands (RCN), in which virtually all Dutch atomic work will be 
centered, Cooperating in this group are: the Government, the Foundation for 
Fundamental Materials Research (FOM), KEMA (an electricity research center 
at Arnhem), and industry. The Government-appointed chairman is H. M 
Hirschfield. Tentative plans call for an expenditure of $7.4-million with industry 
promising $1.6-million. As a result of the U. S. agreement the Dutch now plan 
to build a U. S.-type MTR. They also plan a uranium-oxide-suspension reactor 
(NU, Sept. ’54, p. 16). Construction of both is expected to start next year. 

Egypt. With equipment purchased from the U. S., this country is setting up 
its first radioisotope laboratory near Cairo. It will be used for medical diagnosis 
and treatment as well as for research. The lab is the first unit in a program 
being set up by the Egyptian Atomic Energy Commission. 


Scandinavia. A proposal was made last month at a meeting in Copenhagen 
that a Nordic nuclear school be set up. . . . In addition to leasing uranium from 
the U. S., Denmark will buy uranium from England . . . Sweden's second reactor 


facility is expected to get the go-ahead signal from the Government on 
Atomenergi Aktiebolaget’s request for $1.25-million. The plant will be located 
50 miles southwest of Stockholm. 


In commenting last month on what the U. S. needs to do to demonstrate its 
sincerity in “atoms for peace,” Sen, Clinton Anderson, (D., N. M.), chairman 
of the Joint Committee on Atomic Energy, said: “All reactor technology should be 
declassified . . . Folks in other countries may know just as much as we do and 
maybe more.” 

Strangely, Sen. Anderson feels differently on talking about U. S. work on 
thermonuclear reactors. He feels we don’t know enough about the subject to 
discuss it. “Until we can define [the possibilities],” he says, “we shouldn't 


talk.” 
. 
Including one that has been granted to Pennsylvania State University, AEC 


has received applic ation for 14 licenses related to possession and use of fissionable 
material, Ten relate to construction and operation of reactors for industrial 


9 





LATE NEWS and 


Commentary 
CONTINUED 


Commonwealth Contracts 
with GE 


ETR 
Up in Air? 


Savannah River 


Cobalt 


Gordon Dean 
Made General 
Dynamics V. P. 


PP&L to Build 
Nuclear Plant 


and medical research and for production of electric power (Penn, State, Univ. 
of Michigan, UCLA, North Carolina State College, Armour Re search Foundation, 
Battelle Memorial Institute, MIT, Naval Research Lab, Con Edison of N. Y. 
ind Commonwealth Edison of Chicago); three are for licenses to possess and 


use special nuclear materials (Battelle, Nuclear Science and Eng. Corp., and 


Sylvania); and one proposes operation of a fuel-element fabrication facility 
Metals and Controls ( orp 


Although AEC has not yet taken action on Commonwealth Edison Co.'s license 
application to build a 180,000-kw boiling reactor, the company has signed a 
contract with General Electric to build the plant for $45-miliion. It is expected 
that the actual plant cost will be considerably higher. Scheduled for completion 
by 1960, the facility will be paid for entirely with private funds 

Moving ahead quickly, GE announced at the same time that it is transferring 


five key men from its Hanford operations into a special staff for this project 
° 


Although Kaiser Engineers has been awarded an architect-engineer contract by 
AEC on the Engineering Test Reactor, two private groups have come through 
with proposals to AEC for spending their own money on ETR-type plants. AEC 
has said it would not have a Government-owned reactor built if industry would 
do the job with its own funds. 

The two proposals are: Babcock and Wilcox on a 50-50 basis with Lo kheed 
Aircraft Corp., and the J. A. Jones Construction Co. of ¢ harlotte, N. ¢ The 
B & W-Lockheed design is quite different from the present ETR concept and 
would be rated at 160 megawatts. It would also take much larger irradiation 
samples. Presumably, B & W would fabricate the metal parts and Lockheed 
would concern itself mostly with operation, experiments, etc. 


Space in the production reactors at Savannah River will be made available for the 
manufacture of cobalt-60 sources for teletherapy machines. It was recently 
predicted (NU, May ‘55, p. 10) that megacurie sources of cobalt could be pro- 
duced in such reactors and that a typical source might contain 100-1,000 rods 
lL inch in diameter by 1 foot. Cost was tagged at 154 per curie 


Gordon Dean, chairman of the Atomic Energy Commission from July, 1950 
until June, 1953, has been elected senior vice president for nuclear energy of 
the General Dynamics Corporation. He has been a GD board member since 
July, 1954; he will remain an associate of Lehman Brothers, chairman of Nuclear 
Science and Engineering Corp., and director of Atomic Industrial Forum, Norden 


Ketay Corp., and Fruehauf Trailer Co 
° 


1962 is the “on-line” target for a 150-Mw nuclear power station to be built for 
Pennsylvania Power and Light Co. in the eastern part of the state. Westing- 
house Electric Corp has contracted to co-design and supply the homogeneous 
reactor and generating equipment. Private funds will finance the station, which 
is to be known as the Pennsylvania Advanced Reactor (PAR) Project. This is 
the sixth nuclear plant proposal made to AEC by the utility industry (NI 
May ‘55, p. 11; July ’55, p. 10) 
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West Considers Agency, 
Russia May Join 

Now in its final stages of negotia- 
tion and revision, the draft of a 
treaty to be submitted to each of 
ibout eight charter members of an 
international atomic agency was re 
vealed last month to be different in 
character from the structure of the 
organization envisaged by President 
Eisenhower in 1953. The proposal 
being considered will limit the posi- 
tive functions of the agency at first 
to multilateral swapping of ‘informa- 
tion and technical services, and 
educational features. 

This draft is expected to be 
finalized and signed by the charter 
mid-August. When 
idopted and ratified by these, it will 
be offered for signing to prospective 


members by 


new member nations as their mem- 
bership certificates, 

One significant development that 
may change the character of the 
gency greatly was Russia’s surprise 
offer last month to participate in the 
pool. For one thing, the organiza- 


REACTOR CONTROL RODS AND MOTORS 





tion presumably will be much 
larger than if Russia did not join, 
because other Eastern nations will 
come in with her, as will fence- 
sitting free nations which would 
otherwise be cautious about jump- 
ing into an organization which was 
obviously a Western club. 

The draft treaty being looked at 
by the Western nations will contain 
these features: 

@ It will provide an international 
information and materials exchange 
program similar to that now in effect 
in this country. However, there 
will be no classified information or 
materials turned over to the UN. 
Each donor nation will retain con- 
trol over these 

@ The UN agency will not be 
responsible for physical custodian- 
ship of nuclear materials. As 
originally contemplated, the agency 
would receive from donor govern- 
ments small amounts of nuclear fuels 
to be allocated among recipient na 
tions from an international stock 
pile. Now, the concept involves 
giving the pool agency a somewhat 


LABORATORY 





} 


= iq 


} 
( | 
Bite See o| 





AMAL CXPERIMENT 
| EXPOSURE ROOM 


, 


ie 


} 


WE WING WINDOW 


| 
REACTOR OPERATING 
CONSOLE 


PATIENT 
WRRALIATION ROOM 


MOVABLE SHIELD 
| 
REACTOR UTRITY ROOM 


WORLD'S FIRST reactor specifically designed for medical treatment and research 
will be operating in about a year at U. of California at Los Angeles’ medical center. 
Designed and built by North American Aviation, reactor will be a 5-50 kw self-con- 
tained water boiler developing 10° n/cm*/sec. Fuel will be in 4 gal of highly en- 
riched uranyl sulphate solution in a 1-ft stainless-steel sphere. Design has stack of 
graphite 5 X 5 & 8 ft and 5-ft concrete shield surrounding core. Ports direct radia- 
tion to patient-treatment room, laboratory, and animal-exposure room; materials can 


be irradiated in a channel inside core. 


AEC will contribute $75,000 toward the 


$200,000 reactor, support extensive biomedical research program, and loan fuel; 
California Institute for Cancer Research so far has raised $79,000 of the balance. 


UCLA will house facility in a new $400,000 underground 45 * 60 


27-ft building on 


the campus. Before clinical treatment of cancer begins, 2 years will be devoted to 
reactor calibration and development of safe techniques. 
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limited allocation authority under 
which it can direct shipments from 
national stockpiles in donor coun 
tries. However, each nation would 
retain final say over such shipments 

Even before the agency comes 
into being, there is at its disposal 
a minimum of 100 kilograms of 
special nuclear materials from this 
country. 
when he first broached the atoms 
for-peace plan. Since then, the 
U. S. has raised its offer of Inter 
national aid to 200 kilos, but we've 
also entered into bilateral agreements 
with 27 
these are eligible to share in our 


Eisenhower promised this 


individual nations, and 


donation of fuels 

Britain, which has a_ bilateral 
agreement with us, has also offered 
fuel (20 kilos) for other nations 
and will not draw from ow 
donation 

®@ The agency will operate an un 
classified library of technical in 
presumably — will 
arrange for exchange of information 
on a bilateral basis, though this will 
not be spelled out in the treaty 

® Requirements for membership 
will be liberal. In fact 
throughout is expected to be gen 
eral, as much to allow for administra 
tive discretion on the part of the 


formation, and 


wording 


UN agency running the pool, as to 
provide the smoothest possible sail 
ing for the arrangement when each 
signatory takes it home for official 
approval. 

There will be no most-favored 
nation clause in the common treaty 
This is designed to permit govern 
ments which are members of the 
pool to enter outside bilateral ayree 
ments without having to share auto 
matically with pool members every 
thing which is exchanged under 
those bilaterals rhis nation, for in 
bilateral 
agreements with Canada, Britain 
and Belgium, our World War II 


atomic developm« nt partners, which 


stance, has _ individual 


provide for exchange of classified 
information. We don't want to be 
obligated to share such information 
with all pool members 

U. S. officials report this country 
has been negotiating since Jast 
December—when the UN approved 
the idea—with Canada, Britain 
South Africa 


Australia and Portugal. each of 


France, Belgium 


which has indicated it will join as 
soon as the draft treaty has been 


agreed on 
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AEC Insurance Group 
Hopeful on Coverage 





rhe insurance executives, from all ® Insurance capacity for physical 


types of underwriting concerns hazards of chemical operations 
stressed the difficulty of assessing ;eeMs 
the industry's ability to cover private 
atomic installations during a period 


of development which is experi 


vce quate to cover reactor 
plants. 

After four full months of studying @ However, if a reactor should be 
radiation hazards and catastrophe 


potential of private atomic installa 


located close to large existing in 
‘ mental in nature. dustrial plants hazards to the other 
tions, a top-level insurance industry As an “interim” conclusion, they 
team is continuing its efforts to found the industry could probably 
determine whether government sup pool its resources to underwrite 
port in underwriting liability in 
surance will be 
are they'll recommend legislation to 
set up such a federal program Here are some of the highlights 
They indicated this in an interim 
report submitted in July to AE 
In that document, the 10-man group 
asked for more time to continue th 


plants may be so great as to push 
needed coverage beyond the capac 


ity of the insurance industry. 

risks on the same basis as those in ? 
' , : ®@ Public liability hazards from re 

needed, Chances other hazardous industries are taken : na 
care of ictors can be insured by existing 


insurance facilities up to the limits 
of — liability 
more hazardous types of industrial 


normally available to 


of the group's report 
® Although 
catastrophe is the most 


remote potential 
enterprises. 


@ Insurance 


atomic 


serious thing yet encountered in in against loss of use 





study. AEC approved this request dustry. 


Foreign News 


South Africa exports U and Th. For the first four 
months of 1955. exports of these materials amounted 
to over $20-million as compared with $10-million for the 
According to the latest estimates, 
should be running about $110 


same period last year 
annual production of | 
million a year by 1957 


Venezuela to build nuclear center. Spurred by the sign 
ing of a bilateral agreement between the U. S. and 
Venezuela, the Institute of Neurology and Brain Disease 
Study at Caracas will build a special center for nuclear 
work in cooperation with UNESCO 


Cornerstone laid at CERN. The 
Organization for Nuclear Research is making progress 
in Geneva. At the time of the laying of the cornerstone 
for the laboratory last month, it was estimated that the 
600-Mev synchrocyclotron will start operating in 1957 
and that the mammoth 25-Bev proton synchrotron will 
be finished in 1960. 


12-nation European 


Dutch atomic exhibition. The Amsterdam, Holland, 
municipality and the Amsterdam chamber of commerce 
are planning to organize a major atomic energy exposition 
in Amsterdam in early 1957 
Canada to process own ores. For the first time, Canada 
now has facilities for processing its own uranium ores 
rather than having it done in the U. S. This will be 
done in a $2.5-million processing plant at Port Hope 
Ontario, built by Catalytic Construction Co, 


French expand program. It is now expected that France 
will spend nearly $300-million on her atomic program in 
the next three years. As part of this program, the 
French have obtained an agreement with the U. S. to 
buy 30 tons of heavy water for two research reactors. 
The sale will actually take place in the period 1956-58. 


German reactor plans. Werner Heisenberg, head of 
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frequently purchased in connection 


German nuclear work, says his country will build two 
research reactors in the next four years 

ILO to work on nuclear problems. The International 
Labor Organization will embark on a program to: ad 
vise and assist in promoting the peaceful use of nuclear 
energy; study problems of adjustment that will arise in 
the fields of labor standards and working conditions 
from development of nuclear power and promote the 
highest possible standards of health, safety and welfare 
among workers in plants using nuclear energy. 

Korea, Peru, Sweden sign bilaterals. These three 
nation bring to 27 the number eligible to receive re 
search reactor assistance from the | S. rhey signed 
their agreements last month 
’ 

Australia to buy U. S. heavy water. 
ment signed with the Australian AEC, the U. S. will 
supply heavy water when needed for a nuclear reactor 
to be built near Sydney. 


Under an agree 


British industry moves into high * gear. The Wolver 
hampton firm of John Thompson has been given the 
Atomic Energy Authority contract for supplying liquid 
metal circuits, the design of steam and water equip 
ment, fusion-welded stainless steel vessels, primary and 
secondary heat exchangers, boiler drums, all instrumenta 
tion and a water treatment plant 

Head-Wrightson Processes Ltd., one of the participat 
ing firms in Britain’s atomic program, has won a $2.1 
million contract to build a heavy water research reactor 
in Australia (p. 15). Heavy water for this will come 
from New Zealand. Completion target is mid-’57. It’s 
part of Australia’s five-year $12-million nuclear develop 
ment program 

Babcock & Wilcox Ltd. has gotten the contract to 
supply all three heat exchange systems—24 steam-raising 
towers of the Calder Hall type—for three additional dual 
purpose (power plus plutonium ) plants Britain will 
Contract value is about $17-million. 
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vith boiler damage insurance pre 
sents such a difficult insurance prob 

m during early development of 
itomic power that if any such pro 
tection is available it will be limited. 

@ Physical damage losses to re 
ictors and machinery can probably 
be handled in the same way that 
boiler coverage on extra-hazardous 
machinery is now handled in other 
industries. 

®@ Workmen’s compensation hazard 
for employees operating reactors and 
iuxiliary equipment can be handled. 

® The most serious problem as to 
the amount of insurance available 
lies in the field of third party lia- 
bility insurance. Claims in event 
of atomic catastrophe might be made 
directly by the person suffering in- 
jury or arise as subrogation actions 
m the part of insurers called on to 
pay the loss in the first instance. 
They might be of catastrophic pro- 
pe rtions 

Nevertheless, the committee had 
this to say of third party liability: 
“Notwithstanding these — complica 
tions, itis believed that the insurance 
industry can work out an aggregate 
limit of liability for all parties at 
interest substantially equivalent to 
those normally required by other 
major industrial enterprises.” 

It also had this hopeful note on 
ill types of coverage: “As knowledge 
of the basic hazards involved in 
crease, the insurance market should 
be expec ted to increase its « apac ity.” 


Japan Gets Set 
For Nuclear Work 


With the initialling of the bilateral 
igreement on atomic energy with 
the United States, 6 kilograms of 
enriched uranium and technical as- 
istance will be given to Japan, the 
Japanese Government and Japanese 
industry are moving into high gear 
to set up a structure to do atomic 
energy work. 

At a meeting of the Government 
Committee for Investigation and 
Preparation for the Utilization of 
Atomic Energy last month, a policy 
was set whereby an atomic energy 
research institute would be estab 
lished for the purpose of carrying 
out resear®r(¢ h and development in 
the field of atomic energy. Delibera 
tion up to this date had centered on 
whether or not to delegate the 
execution of the nation’s atomic 
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Washington Report 


In its appearance before the Joint Committee on Atomic Energy 
to support its request for capital expenditures in 1956, AEC gave 
some interesting insight into its thinking and planning for the 
immediate future. Below are extracts from comments made by 
W. K. Davis, AEC’s reactor chief, and W. F. Libby, AEC commis 


sioner;r, 


Davis: From studies of the demonstration proposals, in order for 
us to process chemically the types of fuel elements that the 
licensees and applicants are thinking about, we may have to make 


some additions or alterations to existing chemical processing plants 


Davis: The Detroit Edison group, in proposing a fast breeder, 
has asked the Commission to make what we call dynamic retrench 
ment studies of a fast reactor core. We had thought $2- 
million . might be required to construct the facilities for carry- 


ing out the very difficult dynamic test of fast reactor cores 
AEC has indicated it may want to build a 10,000-kw small pack- 
age power plant later this year and that it would seek industry con 


tributions to the project, perhaps on a basis similar to the Duquesne 


Light Co. deal on the PWR. 


Davis: Hot caves for making materials tests are in short supply 
Testing materials is a highly statistical business, and we have found 
so far that our work has required enormously large numbers of 
specimens and much greater range of variables than we had con 
templated. ... If large industrial contractors [don't jump in, we 


may have to build such facilities]. 


Lispy: I was personally very disappointed to see that none of the 
proposals we received on April 1 included what I call the chemical 
type of reactor [homogeneous] which I believe is likely to give us 
the cheapest power, at least in large quantities at stationary power 
plants. I suppose that, if on the next go-around we still get noth 
ing, I would be very strongly in favor of the Government's going 


ahead on its own 


Davis: EBR-IL is about 40 times as large as EBR-I in terms of 
power output, and it is of the order of about 4, the size of the 
so-called reference design, which was a 1,000 megawatt reactor. 
And the problems in the fast breeder increase rather sharply as 
you increase the power, for the reason that in a fast reactor you 
have an exceedingly small core, and your central design and re 
search problem is how to get a given amount of heat out of what 


would be very small space, and this is an exceedingly difficult job 


Davis: [in talking about the proposed merchant ship reactor. | 
We have never connected up two nuclear powerplants to a single 
propulsion shaft and this, of course, is a completely different 4 
quirement than any central station plant The control char 
acteristics of this type of system are as yet unexplored » wee 
method of control of the reactor itself in terms of control systems 
will be mark 


and control elements, use of burnable poisons 
edly different 
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energy program to universities, to 
the Electric Power Development 
(Public) Corporation or to a cen 
tralized agency 

This institute is to be an in 
dependent legal entity with an an 
nual operating fund of an equiva 
lent of approximately $'%-million 
coming mainly from donations from 
industry, loans and government sub 
sidy. 

The main functions of the institute 
will be to: receive shipments of en 
riched uranium from the U. 8. and 
research reactors 
construct research reactors; carry 
out research with research reactors 
and import, store and distribute 
radioisotopes. ‘Temporary in nature 
this institute is to be developed 
into an authority or public corpora 
tion after such permanent structure 
has been fully thought out 

The actual shipment of enriched 
uranium and research reactors from 
the United States is expected to take 
place in the fall of 1956 since ap 
proval of the Japanese Legislature 
of the bilateral agreement can only 
be expected at the end of this year 
or next spring during the next ses 
sion of the Legislature 


administer and 


Reactor News 





The Japanese Government has 
already made known that it will pur- 
chase from abroad two research re 
actors—a water-boiler type and pos- 
sibly a swimming-pool type. After 
the first reactors have been im- 
ported the Government will prob- 
ably build its own. 

At the moment the Japanese 
Government has no definite plans on 
nuclear power although studies are 
being conducted. A_ regulatory 
body, similar to the U. S. A.E.C., 
is being deliberated upon in the 
Legislature, and a decision is ex- 
pec ted to be reached soon. 

Japanese industrial companies are 
also moving ahead, according to 
Radio Tokyo. 

With Hitachi, Ltd., as the pioneer 
in the field, leading Japanese firms 
have already concluded technical 
agreements with major American 
firms engaged in industrialization of 
atomic energy. The Hitachi firm 
last fall formed an atomic energy 
research committee within the com 
pany in preparation for the building 
of various types of atomic reactors. 
After completing 
various types of reactors, the com 
pany is slated to ask the govern 


blueprints on 





ment for a research subsidy. Hita- 
chi is planning to purchase parts 
which cannot be produced in Japan 
at the present stage from the United 
States. 

The Tokyo-Shibaura Electric 
Company, which has concluded a 
technical contract with the General 
Electric Company, has already re- 
ceived research funds from the gov- 
ernment. The funds are for re 
search on construction of manipu- 
lators for handling radioactive ma- 
terials and radioactive counters on a 
trial basis. In the future, the com- 
pany is expected to become the 
leading Japanese maker of manipu- 
lators and counters. 

The Showa Denko Company is 
already pushing plans to manu- 
facture heavy water by utilizing 
4.800 electrolytic tanks used for 
making ammonium sulfate. Under 
present know-how, 2% heavy water 
can be made in Japan, but the com 
pany is confident that heavy water 
of nearly 100% will be produced 
when electrolytic tanks at its Kawa- 
saki plant are operated fully. It 
believes two to three tons could be 
produced annually at about 100 yen 
per gram in the future. 


Stone & Webster to start APPR construction next month. 
Alco Products, Inc. announced last month that Stone & 
Webster Engineering ( orp., architect-engineers for the 
PWR project at Shippingport, Pa., 
to serve in a similar capacity on the Army Package 
Power Reactor project (NU, Jan. '55, p. 76; May ’55, p. 
24). With initial construction expected in September, 
the plant is scheduled to operate in 1957. 


has been selected 


30 Uz. S.z 
After a survey of 103 members of the Engineering Col- 
lege Research Council, H. S. Isbin told the American 
Society of Engineering Education that 30 institutions 
are planning to acquire reactors for use in their educa 
tional and research programs One, North Carolina 
State College, has a reactor in operation. Illinois In 
stitute of Technology, U. of Michigan, and Pennsyl 
vania State College have reactors under construction. 
In the advanced planning stage are; Alabama Polytechnic 
Institute, Massachusetts Institute of Technology, Vander- 
bilt University, Washington State College, and the Uni- 
versities of California at Los Angeles (see picture on 
page 11 for later deve lopment ) Florida, and Utah. In 
the initial-thinking stage are: Columbia, Cornell, North 
western, Ohio State, and Purdue Universities, Iowa 
State and Kansas State Colleges, Case and Georgia In 
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universities considering research reactors. 


stitutes of Techonology, A. & M. College of Texas, and 
the Universities of Arkansas, California (Berkeley), Colo 
rado, Connecticut, Denver, Illinois, Missouri, Southern 
California, and Texas. 


Britain looks for Geneva orders to start $5-billion flow 
of nuclear exports over next 20 years. While the British 
government and firms ready a big push at Geneva to 
launch export trade in nuclear equipment, a new $68 
million program involving three twin-reactor plutonium- 
producing Calder-Hall-type power plants has been 
started, This is in addition to Britain’s $840-million 10 
yr power-reactor program (NU, March '55, p. 7; 
April ‘55, p. 9 The Atomic Energy Authority is 
keeping a monopoly on weapons, fuel manufacture and 
processing, and radioisotopes, but all other aspects are 
open to industry. The Government's training, fuel 
pricing, and patents policies are designed to encourage 
industrial nuclear development. AEA patents normally 
are available on a 5% royalty basis; company-developed 
patents will be owned by the firms in the usual manner. 
At least one firm is spending $6.5-million this year on 
nuclear research—many others are sharply stepping up 
nuclear development with an eye to early sales to West 
Europe and the Commonwealth. For more details on 


British industry efforts, see p. 12 
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The Asahi Synthetic Chemical 
Company, which has a technical 
deal on with the Dow Chemical 
Company, and the Japan Oxygen 
Company are also conducting re 
search in connection with com 
mercial production of heavy water. 

The Japan Mining and Mitsubishi 
Metal Mining Companies are study- 
ing uranium processing and pros- 
pecting for uranium resources in 
japan. Both companies have al- 
ready received subsidies from the 
government, 

On the other hand, the Nissan 
Chemical Company is conducting 
research on the extraction of 
uranium from imported phosphate 
ore, which contains 0.01 to 0.15% 
natural uranium. Other firms carry- 
ing out research in connection with 
utilization of atomic energy are 
Mitsubishi Electric, Japan Carbon, 

1 Tokai Electrode. 


AUSTRALIA'S FIRST REACTOR, a 10-Mw 
D,O research unit designed at Harwell, 
is part of the Australian Atomic Energy 
Commission's $12-million research pro- 
gram. It will be built on an 80-acre site 
within the AAEC’s 160-acre area at 
Lucas Heights, Sutherland, near Sydney. 
Shown here are: one fuel element, one 
of the six control arms, aluminum D,O 
container, graphite reflector, HxO-cooled 
Pb thermal shield, steel tank lined with 
boral sheet, concrete biological shield, 
and various experimenta! facilities. Unit 
will be in a 70-ft-diam 70-ft-high steel 
building. It will be used for studies on 
fuel systems of molten U alloys or salts 
and for radiation damage tests. Data 
probably will be incorporated in package 
power reactors likely to be imported 
later from Britain. For more on the British 
and Australian programs, see pp. 12, 14 
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Industrial Applications 


What does it cost to set yourself up for radioisotope work? Not 
much is the paraphrased answer given by V. P. Guinn, Shell 
Development Co., Emeryville, Calif. in a recent speech, “It is 


readily possible to equip a modest radiochemical laboratory with as 
little as $2,000,” he said, “whereas an ifvestment of $10,000 will 
equip one quite handsomely to undertake many problems of vary- 
ing types.” He noted that not only is the radiotracer method often 
the only way to solve a problem, it is often the easiest or least 


expensive way. (See NU, April '55, p. 18.) For example, using 
liquid scintillation counters, $10 worth of tritium (100 mec) can be 
diluted with 50,000 barrels of oil and still be detected with ac- 
curacy. The method is so fast that up to 100 samples can be 
prepared and counted per 8-hr day. Using crystal scintillators, $10 
worth of cesium-134 (10 mec) can be accurately detected after dilu 
tion with 600,000 barrels of oil. 


Surfacing steel extrusion die with radioisotope pinpoints wear. 
Wear studies by reactor-activating the entire wearing member and 
counting the radioactivity ground off are common (NU, June '55, 
p. 23; NU, Feb. 53, p. 46). But they suffer because there is no 
indication of just where the wear has occurred, size of wearing 
piece is limited by size of available reactor-irradiation facilities, 
and when testing tool steels, as in the case below, the induced 
radioactive tungsten has only a 1-day half-life. The method used 
by B. J. Jaoul, Ecolo National Supérieure des Mines, Paris, France 
and reported at the June ASME meeting, eliminates these cis 
advantages 

The die is placed in a vessel and a plug is set in the center, leay 
ing 0.05-em annular space around the plug. Phosphorous-32, 1 
me in 2.5 ml of solution, fills the space. After l-hr at 95° C the 
plug and solution are removed and the die lightly polished (0.1 
micron) to remove the friable surface that formed. Calibration 
tests show that tracer has now penetrated to about 10 microns 
depth. Radioisotope absorption is not uniform, so an initial count 
is made along the die axis by averaging counts a number of times 
from four points 90-deg apart. Conical, 4-mm-thick lead shields 
placed over the G-M probe allow point-by-point counting, One 
shield has a l-mm hole at its tip; subtracting the counting rate 
with a solid shield in place from the pierced-shield rate gives 
( ounting rate for each mm* of die surface. 

After extruding one 33-ft-long stainless-steel tube—temperature is 
1250° C-—through the die, counting is repeated, Decrease in 
radioactivity shows wear location. Total amount of metal removal 
agrees with metal removal found by total-irradiation method. 
Since specific activity is 100 times higher, new method is faster and 
more prec ise 

Using the same tracer methods, autoradiographs map the wear ina 
simplification of technique. Simple comparison of autoradiographs 
shows how site of wear moves when the die is used repeatedly, 

First tests of active-layer method used iron-55-iron-59 solution 
but strong gamma rays required too thick a shield to allow the 
G-M probe inside the die for the point-by-point count 
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News in Brief 


Industry to study sewage treatment with radiation. 
Rudson Engineering Enterprises, Inc., San Diego, Calif., 
will evaluate the feasibility of recovering water and com- 
mercial fertilizer from sewage by treating it with gamma 
rays from waste fission products, 


Encourages medical isotope training programs. Abbott 
Laboratories, N. Chicago, IIl., has made $2,000 available 
for grants-in-aid to educational institutions and hospitals 
which have courses in radioisotope usage. 


AEC sets up civilian application division. Required 
by the law, this new division will be responsible for: 
regulations and licensing, pricing policy, materials dis- 
tribution, information access, and nuclear export activ- 
ities. Harold L. Price is director and Frank K. Pitt- 
man his deputy. 


“Atoms for peace” fund receives grants. The Fund for 
Peaceful Atomic Development has received two new 
grants—$50,000 from the Rockefeller Brothers Fund and 
$5,000 from the Johnson Foundation. Walker L. Cisler, 
resident of the Fund, says that “active contacts have 
ain made or projects have been undertaken in a sub- 
stantial number of countries, including India, Pakistan, 
Turkey, Egypt, Japan, Mexico, Canada, Belgium, France, 
Italy, Switzerland, Denmark and Germany.” 


AEC awards $400,000 for patent. Based on work 
done in ’40 and °41, four scientists have received this 
sum from AEC for: “inventions and discoveries per- 
taining to the element plutonium and certain of its 
isotopes, in particular Pu-239 and its neutron fission- 
ability as well as certain aspects of its chemical prop 
erties, Their work included the discovery that Pu in 
its lower oxidation state is carried from solution by 
certain precipitates, whereas in the higher oxidation 
states it is not.” The men are: Glenn T. Seaborg, 
Joseph W. Kennedy, Arthur C, Wahl and Emilio 
Segre. 


To award master’s degree in nuclear engineering. A 
two-semester master’s degree program will be offered 
this fall at Berkeley by the University of California’s de- 
partment of engineering. 1 he program will include the 
university's radiation laboratory at Berkeley and Liver- 
more. Particular attention will be focused on analysis, 
design, performance, prediction and cost of nuclear 
power systems. 


U-233 is special nuclear material. After having an 
nounced in 1948 that U-233 is fissionable, AEC has now 
officially labeled the isotope to be “special nuclear ma- 
terial” so that it can be legally controlled under the 
new law. 


National Research Corp. forms nuclear energy dept. 
This Cambridge, Mass., firm will offer engineering as- 
sistance in process design and engineering and business 
studies for companies considering entry into the atomic 
field. In addition, the company builds semicontinuous 
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vacuum melting and casting furnaces, pumps and pump- 
ing systems, valves, gauges, gas analyzers and leak 
detectors, 


Tracerlab plans meeting on radiation applications. 
Purpose of 3-day symposium in Boston, starting Oct. 
19, is to acquaint the food industry with radioisotope 
uses in research, production, and process control. De- 
tails from Symposium Committee, Tracerlab, 130 High 
St., Boston 10, Mass. 


Meeting on radioisotopes in testing. American Society 
for Testing Materials Committee E-10 will sponsor a 
Los Angeles meeting in Sept., 1956. Aim of the com- 
mittee is to promote knowledge of radioisotopes in ma- 
terials testing, and related fields, by advising other 
ASTM groups. Task groups are working on evalua- 
tions of needed specifications—materials that will be 
irradiated, detergency tests, tool and engine wear tests, 
backscatter gages, and other items. Prospective mem- 
bers—or speakers—should contact C. E. Weber, KAPL, 
General Electric Co Schenectady 5, N. Y. 


To try “streamlining” uranium mill operations. Vitro 
Uranium Corp., a division of Vitro Corp. of America 
will put up a $100,000 pilot plant inside its Salt Lake 
City uranium mill. It is said that the extraction process 
to be used is “untried commercially in uranium milling.” 


The pilot plant will be of sufficient size to permit plant 
scale test work. 


General Dynamics Corp. expands nuclear work. The 
company will build a $10-million research lab devoted 
primarily to nuclear research and development with em- 
phasis on reactor system design. Frederic de Hoffmann, 
who was recently named assistant vice president for 
nuclear planning of GD’s Convair Division, was ap- 
pointed vice president and general manager of the 
corporation’s General Atomics Division. 


N. Y. atomic exhibit Oct. 19—Nov. 3. Three groups 
the Atomic Industrial Forum, the Fund for Peaceful 
Atomic Development and the Carnegie Endowment for 
International Peace—will put on this show at the Carnegie 
Endowment International Center. Information from 


Forum, 260 Madison Ave., N. Y. 16, N. Y. 


81 more access permits granted by AEC. This brings 
to 148 the total number of organizations and individuals 
who have been granted L-clearances by AEC for access 
to confidential information on civilian uses of atomic 
energy technology. Many of the new permits are for 
organizations that have never been associated with 
atomic energy in any substantial way. 


New graduate nuclear courses added. Oklahoma A & 
M, in a two-year program, will give two courses, “Intro- 
duction to Nuclear Engineering” and “Introduction to 
Nuclear Technology,” in one year and then has arranged 
for students to work at Argonne National Laboratory 
for the second year with an MS in chemical engineering 
awarded on the basis of Argonne thesis work. 
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UNION CARBIDE AND CARBON CORP 
PHILLIPS PETROLEUM CO : 


CONSOLIDATED v4 ; 
vuLree ’ 
AIRCRAFT of on 


INSTRUMENTS 
°o F T H E CONSOUDATED VULTEE AIRCRAFT 
PIONEERS 


Reactor Controls, Paneling, and Console 
Designed and Delivered to Oak Ridge Nation! Labeoretories 


WESTINGHOUSE AUTOMATIC ENERGY Oly. 


PENNSYLVANIA 
STATE 
UNIVERSITY 
LEEDS & NORTHRUP 


NOW AVAILABLE 
FOR ALL The first nuclear reactor controls built by a non- 


AEC facility were supplied by Radiation Counter Laboratories, 
Inc. While continuing to fill these requirements of AEC, we have 
increased production to furnish reactor controls for other nuclear 
pioneers—some of whom are shown on this page. 

With research and development now costing approximately three 
thousand dollars per month per man, your investment in quality- 
built control instruments is rapidly repaid through the saving of 
time. In addition to its standard models, RCL offers special instru- 
ments made to your specifications. The counsel of our research 
staff is available for any nuclear instrumentation problems you may 

Write for Catalog No. 19 have. 


RADIATION COUNTER LABORATORIES, INC. 


Nucleonic Park «+ 5122 West Grove Street + Skokie (Chicago), Illinois 
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WHEN IT COMES TO 


LOW PRESSURES * 











~ 


COME TO KINNEY 


INNEY VACUUM PUMPS are at work in 

hundreds of the nation’s foremost vac- 
uum processing systems Their versatility of appli- 
cation, low maintenance and the rough depend- 
ability answer every requirement of the laboratory 
or pilot plant. Virtually continuous operation can 
be maintained in the presence of water vapor 
since the pumps are effectively gas ballasted. For 

j f YY 
mobile applications, Kinney Pumps, dynamically 


balanced to reduce vibration, are ideally suited 


‘e 
Ki ” N EY usc DIVISION 


for use on dollies and carts. Come to Kinney for the 
right pump for your special requirements — we 
have the largest line of vacuum pumps in the 
world from the 2 cu. ft. per min. Y% h.p. unit to the 
780 cu. ft. per min., 40 h.p. model. 

Mail the coupon or consult the competent 
vacuum specialists in our district offices—in Boston, 
New York, Philadelphia, Cleveland, Chicago, and 
Los Angeles. Inventory and shop facilities avail- 


able at Los Angeles. 


--------—--------5 


Name 





THE WEW YORK AIR BRAKE conrst-(h) 


3614 WASHINGTON STREET + BOSTON 30+ MASS 


of Kinney Vacuum Pumps 


fr vacuum problem involves 


| 
| 
i 
' 
| 
| 
| vase send Bulletin 425 describing the complete 
l 
i 


Company 
Address 


City State 


ipaaiavesntnnaatiniemeneneiisal 
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Universal Winding Gompany, Ine. 


Design, Development and Construction 


. Cecil B. Ellis, Director 
Nuclear Engineering 


90-28 VAN WYCK EXPRESSWAY 
We are always glad to talk with additional experienced 
JAMAICA 18, NEW YORK CITY reactor people who might wish to join ovr team 
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SAFER OPERATION is assured be- 
cause all external high-voltage points 
of the G-E counter are shielded 
physically as well as electrically 


‘5@) Nuclear Radiation Instruments 


SAVE TIME when replacing the gas filling of 
the Biw tube. Because the gas is at low pres- 
sure, facilities are available in most labora- 
tories for replacing the argon and ether. The 
cover at the lower end of the instrument is 
easily removed to expose the glass refill tube. 


DESIGNED FOR HARD USE, the G-E 
proportional counter is well suited 
for field applications as well as those 
in the laboratory. To better with- 
stand shock, the wire is 
mounted at both ends of the tube. 
Exposed wire ends within the cham- 
ber are eliminated by a special fasten- 
ing method and all seams are brazed 
to help prevent leaks. 


anode 


HIGHLY EFFICIENT, the G-E counter 
has a flakeproof coating of boron on 
the inner surface of the cathode that 
makes possible a counting efficiency 
in excess of 3.5%, 


FOR THERMAL-NEUTRON FLUX MEASUREMENT... 


Enriched Boron in G-E Neutron Proportional Counter 
Provides 5 Times the Efficiency of Natural Boron 


By using enriched boron (Bio), General 
Electric has perfected a thermal-neutron 
sensitive proportional counter with an 
efficiency that is five times greater than 


counters using natural boron and com 


parable to high pressure BF; counters 
LOW OPERATING VOLTAGE 
G-E counter conve 


as laboratory us« 


maxes 
nient for field as 
The proportional c 
ter does not require the high supply 
age usually needed for this type 
Because the 


strument pressure 


tube is low, the instrument will operat 
on 500-700 volts 


SEND FOR 
FREE BULLETIN... 


GENERAL ELECTRIC COMPANY 
Section C585-21 
SCHENECTADY 5, N. Y 


WIDELY APPLIED, the G-E 


portional counter is well suited for health 


neutron pro 


physics applications, oil-well logging, and 
the measurement of neutron fluxes 


actor installations 


FOR MORE INFORMATION, contact your ise send me a copy of bulletin GEC 
nearest G-E Apparatus Sales Office or 850 on the neutron proportional « 
write for bulletin GEC-850, to General 
Electric, Sec. 585-21, Schenectady, N. Y 


ounter 
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Hidden Target 


1 guest editorial by J. G. BeckeRLey, former 
Director of Classification, U. S. Atomic Energy 
C‘ommission, 

Epiror’s Notre—Controlling thermonuclear 
reactions for possible industrial power use has 
never been discussed publicly in this country by 
those concerned with the work, although AEC has 
had a priority program for at least three or four 
jears. Even the existence of the project is never 
mentioned. Because there are some who feel that 
fusion reactors may one day be more important 
than fission reactors, NUCLEONICS invited Dr 
Beckerley to discuss the effect on our national 


ecurity of the policies being followed.,| 


|’ has been observed that many of the “‘quan- 

tum jumps”’ in technical progress are based on 
ideas conceived by relatively young men. Past 
experience also indicates that the subject-matter 
of an individual’s ideas is determined by the 
knowledge he has inherited from predecessors as 
vell as the nature of the contemporary technical 
scene 

Both these observations support the conclusion 
that the present AEC attitude on non-weapons 
thermonuclear energy, the development of fusion 
reactors, is unsound. By keeping all such work 
ecret the probability of significant ideas being 
generated in the field is greatly reduced. The 
iterature of the new generation of scientists and 
engineers is artificially devoid of basic papers on 
The stimuli of discussion in pro 


Those 


vho are working in the field have lips sealed by 


the subject 


fessional society meetings are absent 


\EC security regulations. Those who aren’t 

orking in the field either do not feel competent 
to discuss the subject or, because they are work- 
ing on other classified projects, may believe that 
publie discussion of a “verboten” subject will 
jeopardize their clearances. 

\s a consequence, the young physicist in 
graduate school does not even know what sub- 
jects to pursue most vigorously if he wishes to 
secure the basic knowledge necessary to work on 
fusion reactors. An aspirant to an engineering 
career faces the same variety of choices without 


guidance. Certain studies are essential to al- 


most any advanced scientific and engineering 
work but others are determined by the indi- 
vidual’s interest. It is a fact that the publica- 
tion of most of the basic work on nuclear fission 
reactors has influenced university curricula and 
many students’ academic careers. This influ- 
ence was almost nil when nuclear reactor infor- 
mation was fully classified. The AFC's present 
silence will certainly hinder planning of uni- 
versity training in matters relevant to thermo- 
nuclear reactor development 

Not to be overlooked also is the major con- 
tribution of industrial research teams to idea 
generation. How can industry be expected to 
encourage its researchers to give attention to 
fusion reactor problems without knowledge 
of government-supported efforts? What about 
long-range planning in industry? Many com- 
panies are making commitments for sizeable 
expenditures on fission reactors, Shouldn’t they 
be told of the prospects for fusionable materials 
supplanting fissionable fuels in electrical energy 
generation? 


A Geneva this month our ‘idea’ strength, as 
individuals and as a nation of industries, 
will be amply displayed. This strength is 
founded on published information beginning 
with the superficiality of the Sunday supple- 
ments, continuing in high school texts, museum 
exhibits, and on into thorough and scholarly 
work in university courses and technical societies 

Potential idea sources in the fission field are 
adequately cultivated. This is definitely not 
the situation in the fusion field. It is time for 
the AEC to discontinue the present short-sighted 
folly. It is time to publish, at the very least, 
sufficient data to assure an increasing supply of 
adequately trained young men with ideas. It is 
time to publish, at the very least, sufficient data 
to assure that industry is prepared to participate 
in a new technology if and when it develops 

The value of publication of information in 
increasing our national strength has been demon- 
strated for fission reactor development. Why 
should we doubt the benefits of publication of 
fusion reactor information? 





Design and Operation for Direct- 
Maintenance Fuel Separation 


Three-year performance record of direct-maintenance solvent-extraction 


plant for irradiated reactor fuels shows 11% time loss for maintenance, 


and only 60 mr/week exposure to maintenance men. 


Inherently low 


operating and capital costs, plus plant versatility, are additional advan- 


tages for this design 


By H. K. JACKSON and G. S. SADOWSKI 


ah Ridge 


is a 
de 


opel 


Tue Merat-Recovery Pan 


radiochemical separations plant 
signed so that it could be built 
ated, and maintained using standard 
industrial techniques. This article ex 
plains a typical process carried out 
describes the building and equipment 
surmmarizes the operating experience 
and gives capital costs for the plant and 
for a similar scaled-up pl int 

The plant is directly maintained (se 
p. 25), which is in contrast with pro 
cedure in other radiochemical-separa 
tions plants. Other plants are designed 
80 they can be maintained without pet 
sonnel contacting the equipment 


Built 1951, the 
plant serves as a 


in metal recover 


mall-seale product on 


facility for recovering valuable mat 


rials and a pilot-plant-type of re 


iis 
ing chemical and 
It was ce 


ould he se par ited 


search unit for stud) 
engineering problem gned 
for materials that « 
most effectively by solvent extraction 


Plant capacity 720 lb of U/da 


Fuel Separation Process 


Several types of reactor-ir idiated 
fuels and valuable waste materials have 
been processed in the Metal-Recovery 
Plant. A typical feed is unenriched 


uranium slugs from the Oak Ridge Na 


* Operated by Carbide 
Chemicals Co. for the U. 8 
Commission 


Atomic 


National Laboratory,* Oak Ridge 


Tenne 


tional Laboratory graphite reactor 


After the slugs are discharged from 


the reactor, they are 


water for several months while 


stored 


half-lived fission-product activity 


The decay curve 
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during the first few mont 


Is very 


hs 
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de 


steep 
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under 


and Zross 


activity decreases by a factor of 10 


(depending on irradiation history 


ing this time 


Several fission products 


that could give trouble during solvent 


decay to an 


After 


curve 


extraction 
amount several 
decay becomes 
and further decay 
nomically feasible 


Process steps. ‘Th 


ess used for reactor-fuel separation ma 


be divided into (a) feed 


6) solvent extraction 
treatment, and (d) waste 


Feed preparation consi 


ing the slugs and adjusting the resi 


ing solution to flowsheet 
the 


puriheation p ocesses 


Figure 1 shows 


ust 
simultaneously with nit: 
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tinuously by adding shi 
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ig 
pumping off the resulting 
constant rate and at desi 


tion 


storag 


Insignificant 
the 
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Processing is continuous 


After feed is prepared solvent « 
the 


tion 1s used to sepal its 


uran 
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Pri- 


solvent 


plutonium and fission products 


mary chemical variables in 
extraction are salting strength acidity, 
and valence state. By proper mapipu- 
lation of these variables, the separation 
is effected 

Aqueous feed, containing U 


Pi 


to 


and 
the 
column, 
into the 
tributyl phosphate 


fission products, is 
middle of the first extraction 
Pu 


organic 


pumped 


and U are extracted 
solvent 
hydro- 
the 


hission 
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top removes some of 
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bottom of the 


the colum! 
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leay Pol 
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removes remaining 
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to the first two col 
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| for details Then 
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inge (see | ig 


for shipment to other sites 


‘Jutonium and uranium are sepa- 


d from fission products by a factor 


105-10%: Pu U product is <10 


rts per billion; U in Pu product is 
Yields of Pu and U are 


treams are concentrated for 
Each ton of | 
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processed re- 

radioactive waste 
be stored. 

iid is evaporated from the ex- 

i-column raffinate, and then con- 

lractionation, 


ir re-use by 


How the Plant Is Built 
Iixeept for 


ery much 


the shielding the plant 
like other 


for 


chemical 


t Spec valves, in- 


ications 
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struments 


ment 


that all could be procured off-the-shelf 


from cor 


rials of construction are common to the 


chemical 


and oth 


fabricated and installed using common 


industrial techniques 


is conne 
Closures 
flanges 
Figure 
structure 
shipping 
into a 
ments a! 
of water 
keed 


solver ta 


gai dissol 


undergre 
the first 
HNO, at 


preparats 


2 OOO-wal 


tulx 


FIG. 1 Solvent-extraction 
flowsheets show steps in sepa- 
rating Pu, U, and fission prod- 
ucts from one another (top); 
purifying resultant Pu (left); 
and purifying resultant U 
(right). Primary separation is 
by extracting into tributyl- 
phosphate solvent, and back- 
extracting into aqueous solu- 
tions. For purification, Pu is 
continuously oxidized, then ex- 
tracted into TBP, and scrubbed 
with HNO,. In second column 
Pu is reduced and extracted 
into aqueous stream, Strip- 
column product passes to ion 
exchanger where Pu is further 
purified and concentrated. 
Uranium purification consists of 
evaporation followed by ex- 
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tanh 1 centrifuge. 
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standard 
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three 
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——_____ 
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U 
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From the feed-storage tank the solu 
tion is pumped to the solvent-extrac 
equipment located 
The first of these 

and 


small 
has the first 


tion im SIX 
cells 
column the waste e 


The next 


aporator 
has two columns 
tanks 
Final purification and pack 
last cell 


columns 


an eVapo- 


rator storage and heat ex 
changers 
equipment in the 


cells 


and ‘) 


aging 
Intermediate 
tanks 
Average olume ol 
tanks is 3OO 


two plant cei 
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ent-treatment 
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storage 
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3 and 4 


show 
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FIG. 2. Plan of Metal-Recovery Plant shows division of equipment according to 


activity level and function. 


Building is one story, 94-ft long, 68-ft wide, and 24-ft 


high. Feed preparation and storage cell is 21 & 18 ft, each of the smaller cells 


is about 8 & 8 ft 


* 


FIG. 4. 


recovered HNO, (center) and phase separator (on left wall). 


re 


View inside D cell shows solvent wash column (right), storage tank for 


Bottom of column 


extends beneath floor into stainiess-steel-lined hole 


while in the solution-make-up room are 
tanks, 
for preparing nonradioactive solutions 
About 14 
tinuously to the cell equipment 

Next to the cell wall is the sampling 


24 


pumps, and other equipment 


streams are pumped con- 


lead- 


shielded devices sample the process 


gallery where several small 
solutions. 


Shielding. 


provided by 2-ft concrete walls around 


Required shielding is 


the first two cells and 8-in. concrete 


FIG. 3. View inside E cell shows strip column 
for U purification (at left), Pulse wave is 
transmitted through 3!4-in. pipe to column. 
Used-solvent storage tank is at right 

walls around the other cells. Certain 
unit shielded 
This 


shielding augments the concrete shield- 


plreces of equipment are 


with lead sheets when required, 


ing and permits work on one piece of 
equipment in a cell without having to 
completely decontaminate all 
in the cell 
experience with this plant is found in 
“How Direct 
is Possible” on the next page. 


equip- 
ment Personnel-exposure 


the section Maintenance 


Processing Equipment 

All equipment is made of stainless 
steel, types 347, 309Seb, and 304. 
Gaskets are of Teflon. Blue-African 
asbestos is used on some large flanges. 

Pulse columns. Solvent-extraction 
contactors are pulsed columns 20 
10-ft 2.5-10-in. 


Columns are packed with 2-in. spaced 


high and diameter. 


stainless-steel plates with 
23% 


Reciprocating pistons located outside 


horizontal 
.-in. holes to give a free area, 
the cell area pulse the column’s coun- 
ter-flowing liquids. Column pulse am- 
plitude and frequency are about 1 in. 
and 60 cycles/min. 
Pumps. 


dissolver to 


tadioactive feed is pumped 
from feed-adjustment 
tanks, tanks to the 


primary-cycle extraction columns by 


and from these 


Pulsafeeder pumps. Pump check 


and displacement heads are 
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How Direct Maintenance Is Possible 


The Metal-Recovery Plant was designed as a direct- 
marntenance facility. Equipme nl and proce ssing ce lls can 
be decontaminated to permit normal direct maintenance. 

Arrangement of equipment. 17'o facilitate maintenance 
the process equipment is segregated according to function and 

tivity level. For instance, the dissolver, being the greatest 

ce of radiation, is located in a cubicle by itself. Feed 
reparation and storage equipment is in a cell by itself 
Subsequent cells isolated from each other contain a portion of 
the process equipment, In this manner, only a portion of 
the equipment need be decontaminated for maintenance 

Construction materials. T7'o simplify decontamination 
all equipment and piping is of stainless steel to provide resist- 

nce lo the decontaminating agents, even though process solu 
ons may not require stainless. Equipment supports are of 
lainle steel 


tainless steel, and the walls are coated with corrosion-resistant 


Floors in the process cells are lined with 
rganic coating. Porous insulating materials that absorb and 
clain activity are not used in the cells. 

Decontamination procedure. 
gene epair, equipment is decontaminated by flushing with 


When nece ssary for emer- 


lly corrosive mineral acids and caustic solutions. Le 


faminant usually is in contact with the equipment for a 


hours, at room temperature These treatments are re 


nside the cells. Drive mech- 
ire in the operating area, 
radioactive streams are trans- Ventilation. 


ly canned-rotor pumps and 


ts dissolver the cell 


atmosphere 


Evaporators and fractionating col- 


umn, Most of the evaporators are con- 


tinuously operated, long-tube, natural — cell atmosphere 


rculation, tube-and-shell evaporators. are discharged to the bottom of a tall 


for fwe months for these equipment changes 


Bellows-sealed valves 
in the highly radioactive areas. 
The plant has three tenance, and service personnel, Over 
separate ventilation 
vessels, and the cell 
Pressure on the process 


vessels is negative with respect to the 


pe ated until activity is low ¢ nough to allou crafisme n to work 
directly on the equipment. On the average, six to eight cycles 
of this type are needed for most items. Individual equipment 
items can be sufficiently decontaminated in ‘4-3 days to 
allow emergency maintenance. The needed time depends on 
activity level and plant location. Complete decontamination 
of all equipment takes about 2 weeks, using the normal staff, 
Radiation-exposure experience. /{ is estimated that 
average exposure for cell equipment changes and repairs has 
been about 60 mr/week. This is 20% of the pe rmissible 
exposure for operating and maintenance personnel The 
exposure is less than that recewed in sampling and other 
operations not connected with hot-cell maintenance 


Time-operated efficiency. During the past three years 


five separate production programs have been completed in this 


plant. Each program used a different feed and chemical 
flowsheet, and extenswe equipment changes were required 
Since the plant first went into operation ut has been shut down 
Only one month 
of this was for decontaminating equipment 

Loss of production because of decontamination and cell 
maintenance was 10% in 1952, 14% in 1958, and 10% in 
1954. These are very reasonable values, and com pare well 


with down time in remotely maintained separations plants 


Metal-Recovery Plant is staffed with 


21 people, exclusive of analytical, main- 


are usually used 


systems for the all supervision and planning requires 


three technical men Actual operation 
is done by one foreman and three oper 


ators assigned to each of four rotating 


‘he three air streams shifts. In addition, eight technicians 


are required in the analytical labora- 


trie iid leaving the extraction- stack, and after dilution with a large tory. They do 60 analyses on the 30 


aste evaporator passes to a amount of ait 


etionator. The fractionator is 25-ft atmosphere 
gh, 24-in. diameter, and has bubble- 
» trays spaced 12 in. apart. Acid re- 

ered is 12M. Overhead is 0.01M. 
Instruments. Innumberandintype $800,000. This 


nstrumentation is about the same as in 


the average modern chemical plant. Other ORNL facilities are used for 


Pneumatic instruments with differ- waste storage 
ential-pressure transmitters are the 
most common 
ired with standard thermocouple and 
resistance-type sensing elements. No 
radiation instruments are used except 
for monitoring nonradiochemical areas, 
nd during maintenance. Differential cal laboratory 
pressure is measured at 80 points apd 


temperature is measured at 24 points. 


Valves. Valves are used whenever gren (5) estimates 


convenient for control or on-off service. 


discharged to the 


includes only the 


building and equipment just described, 


analytical laboratory, 
and other services 

Temperature is meas- It is estimated that a plant with a 
capacity of 30 tons of highly irradiated 
uranium per month 
structed at a new site for $6,000,000, 


including costs of the necessary analyti- 
year, off-gas-handling equipment, and 


that a remotely 
operated plant for both separating U 


control samples submitted each day 


In Summary 


Capital Cost of Plant 


Capital cost of this facility was about 


Performance of the Metal-Recovery 
Plant has demonstrated that low-cost 
radiochemical plants can be operated 
with high on-stream efficiencies, and 
can be directly maintained with low 
radiation exposure of operating and 
maintenance personnel, Such plants 
are particularly well suited for process- 
cod ben con diverse irradiated materials that 
cannot be economically processed in 


large plante 


waste storage for one 


This article ia based on a paper presented 


other required service facilities. Ohl- at the American Nuclear Society meeting 


University Park, Pa., June 20, 1066 
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About 20 valves are in the radioactive and Pu and reconverting them to 


Most of these are air operated. 
ilves are operated from the in- 


areas by extension handles. 
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Scintillation Crystal-TV Device 
X-Rays Objects in Motion 


Here's how this new instrument works: 50-Mev X-rays 
pass through specimen and form visible image in 
1-in.-thick 7’-in.-diameter Nal(Tl) crystal. Image 
is reflected into TV pickup tube and displayed on 
monitor screen. Resolution is good; contrast is 
somewhat inferior to film. The technique is a very 


promising one 


FIG. 2. Scintillation crystal used to convert X-ray 
image to light image. Dimensions are 7'< in. diam- 
eter < | in. thick 


By JOHN S. PRUITT 
Radiation Physics Laboratory 
National Bureau of Standards 


Wa hington, D. ¢ 


THe INSTRUMENT described in this 
article continuously displays pictures 
produced by 50-Meyv X-rays.* This is 
accomplished with a Nal scintillation- 
crystal image converter, which trans- 
forms the X-ray image into an optical 
image, and a television camera, which 
views the converter and reproduces the 
image on a remote monitor 
An instrument of this general type 
has been used by Morgan since 195] 
for fluoroscopy with 70-kev X-ravs (1 
Ilis instrument uses a fluorescent 
screen as an image converter If the 
X-ray energy is increased one thousand 
times, to 50 Me the conversion effi- 
cieney of such a screen drops dras- 
tically This sharp limits the ilue 
f lis instrument in those applications 
demanding highly penetrating X-ravs. 
In the instrument discussed in this 
report, eflient conversion of high- 
rey X-ray images has beer ttained 
using a thick scintillating Nal(TI) 
tal as a converter Tests 


own that the sensitivit i! 
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FIG. 1. 


such an instrument are good 


nough to give it some practi al value 


Description of Apparatus 


The complete instrument is shown in 
g. | X-rays from the N BS betatron 
merge through a hole in the lead wall 
wn at the upper right. These bom- 
ird the test objec t, in this case a small 
belt-driven at 
Those X-rays that 


enter the crystal converter 


mpressor ~S rpm 
penetrate the 
npresso! 
isible radiographic image 
the light produced in the crys- 
‘ls in the same direction as the 
X-ray reflected 
deg mirror into the television 
lens An 
age, showing internal motion, 
a TV 
view of the 
X-rays 
thin 
pass through a front-sur- 


be im, and is 


intensified replica 


ived on receive! 
crystal is 


enter the 


ob que 
in Fig. 2 
through a aluminum 


mirror, which is used to 
the sensitivity of the converter 
enter the itself 
thick 


grown and potted by 


ther crystal 


l-in 7‘ ¢-in.-diameter 


hemical Company, Cleve- 
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Setup for fluoroscopy with scintillation crystal and television camera 


land, Ohio. Light produced in the 
crystal emerges through a glass window 
in contact with its front face. 

The 45-deg mirror separates the use- 
ful light from the X-rays that penetrate 
the er 
the lens The lens is 
a 110-mm f/0.75 Kodak Fluro Ektar, 


The camera 


stal and which might damage 


ind camera tube 


used at magnifis 
is one unit of a 525-line Du Mont TA- 
124-E closed tele 
an R¢ \ 

In use stal 


ition '4 


It uses 
tube 


ision chain 

5820 image-orthicon 
and lens are 
blackened 
ibsorb light produced 
travel to 


mirror 


enclosed in 1! wood hox 
on the in 
in the ervstal tl 


ward the len 


iat does not 
The image end of the 
and is normall, 


lens juts out of the box 


bolted to iIs1on camera For 


direct in the crystal im- 
on camera can be re- 
placed | yt otographie plate holder 
Crystal Performance 

First 


definition were ¢ onduc ted 


Image definition. tests of 
crystal imag 
by photographing high-contrast images 
wing lead objects in the 
These early 


grapt d no significant 


produc eit 
photo- 


variation 


in image definition as X-ray energy was 
varied Mev 
They also qualitatively confirmed the 


between 20 and 1S0 
hypothesis that the image definition 
near the crystal center was better than 
that near the periphery when no cor- 
recting lens was used See p. 29 
The instrument has since been used 
to look through steel mechanisms such 
\ photo 
graph of the crystal image produced by 
45-Mev X-rays penetrating this object 
It was taken witha 
Kodak SAI 


The m yor com 


as the compressor of Fig. | 


is shown in Fig. 3 


plate camera using 4a 
spectroscopic plate 
connecting rod, eylin- 


ponents, piston 


der wall, crankshaft counterweights, 
and crankease, can all be distinguished 
although finer detail is lacking 
Image contrast. A test has 
made of the X-ray 
} ! 


contrast that can be seen by ', 


been 
miniium nage 
and 1-in.-thick crystals through several 
X-rays 


The images studied were produced with 


inches of steel, using 22-Me 


2% steel penetrameters, and were re 
corded on Kodak SAI plates 

The test results appear in Table | 
entries are the smallest 
thicknesses that 


seen through ¢ inches of steel, expressed 


where the 


penetrameter can be 





Applications 


The instrument presented here ia 


potentially a useful tool for both in 
dustrial quality control and research 
It could be 
ins pe cl large castings for 
that is done with X-ray 
film state 


used for instance lo 
flaws, a job 
commonly 
J Although in il pre ent 
of development it produces an image 
whose quality ia inte rior to that which 
with fim further 


can be attained 


development work hould at leaat 
partially remedy thi 

The abilities of the inat 
nol Sully ‘ rploited anile if ia used 
lo study i abject 


In its present 


iment are 


motion in the 
slate the frument 
can successfully diaplay wy ai mo 
tion which 1 U f Ou he fol 
lowed by eve. More re 
slowed dow? cially. If 


ild he done 


motion 
must be 
the motion ia cyclic, thia ee 
copie tect 


quite simply by atrobo 


nique gating the \-ray machine to 
produce a burat of X-rays only when 
oper 


the motion 1 p phase 
This could te iaead 


motion 


lop Ue 
com pletely 

changing lhe 
reduce the 


if can be observed dis 


pl ae 


speed of thie 











Crystal Image Definition 


Figure 5 shows a cro section of the acintillation 
crystal, bombarded by X-rays from a point source and 
viewed by a small-aperture optical imaging device, such 
asa pinhole camera Tf the crystal were an ideal image 
converter, light produced by all the X-rays traveling 
along a given line, such as A or B, would be imaged as a 
point hy the rrewing camera j rougi analysis of the 
manner in which the crystal may be expected to deviate 
from this ideal follou 

Blurring caused by image conversion. Beam 
A includes all X-rays traveling along the source- 
camera axis. Some of these X-rays will interact 
with the crystal, producing secondary electrons and 
X-rays. These secondary products will vn turn produce 
tonization and excitation within the crystal. and a frac- 
tion of this excitation will reappear as isotropically 
radiated visible light. If the ionization were limited to 
the irradiated portion of the crystal, X-ray beam A 
would produce a line of isotropic light sources in the 
crystal, as shown by the heavy line in Fig. 8. The 
pinhole camera would image this line as a point, sat- 
iafying the criterion for an ideal converter. 

Actially, it is well known that ionization within a 
thick absorber spreads out radially from the beam shadow 
(2). The ionization density is acon plicate d function of 
depth in the absorber and radial distance from the beam 
axis. Conse que ntly rather than a harp line, the 
camera sees a more diffuse source of light, as indicated by 
CTORS hatching in Fig. 5 Obviously, the amaller the 
effective diameter of this source, the better the image 
definition and the more closely does the crystal approach 
an ideal converter 

Early teats of image definition, conducted with 90-Mev 
X-rays, set an upper limit on the blurring introduced 
during tmage conversion Camera Lmage blurring was 
no larger than 0.015 in., when camera magnification 
was 1:]. 

Blurring caused by crystal depth. elturning to 
Fig. 5, consider X-rays that travel along line B If the 
blurring discussed in the previous section is ignored, 
these X-rays produce an oblique line source of light in 
the crystal The crystal mirror produces an image of 
this source as shown by dotted line number 1 These two 
lines, the source and its image, form a V, which subtends 
an angle 6 at the camera aperture The magnitude of 6 
is a good measure of the image blurring introduced by 
Jinite crystal depth 

But 6 may be reduced by placing a properly ground 
lens in contact with the crystal. as indicated This lens 
minimizes 6 when it is ground so that it will focus 
parallel light onto the camera aperture Then the 
V-shaped source will effectively be rotated as shown by 


dotted line number 2.* 


Such a lens has been ground for 
this instrument, but has not yet been mounted or tested. 
One can reduce 6 further by re placing the mirror with 


a black surface to absorb light Although this halves the 


* This is an approximation, valid or if the ratio of 
crystal radius to ecrystal-aperture di nee small For 
the instrument of Fig. 1, this ratio 
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FIG. 5. Optics of image formation in scintillation crystal 


instrument sensitivity, it eliminates one leg of the V, 8o 
thal with the proper lens the camera can see the SOUTCE 
line end on. 6 will still have a finite size at some por- 
tions of the crystal face, however, because of the spherical 
aberration of a simply ground lens 

The values of 6 shown un the following table were 
calculated for the instrument shown win Fig. 1, using a 
source—crystal distance of 4 meters a typical value and a 
crystal aperture distance of SS cm They indicate the 
improvement in definition resulting from the addition of 
a lens and the removal of the crystal mirror. The table 
also lists the maximum image unsharpness U as 


defined in Fig. 6 


Situation 


No le ns 
Lens added 


Mirror removed 


Blurring caused by increasing lens speed. Since 
camera-image illumination varies as the inverse square 
of the lens f-number, considerable gain in sensitivity re- 
sults by replacing the pinhole with a fast lens. The 
effect of this on image definition will now be discussed 

The line source of light produced by X-ray beam A in 
Fig. 5 generates a camera image spot whose outside 
diameter varies inversely with the viewing-lens f-numbe 4 

} The distribution of light within that image spot is 
the subject of a detailed investigation now under way in 
this laboratory. Preliminary results indicate that when 
a line source of light is transparent to its own radiations, 
as 18 the case here, the half-inte nsity diameter of the 
image spot 18 a very insensitwe function of lens speed 
and 18 never Mic Large r than the diame ler of the SOUT CE 
line These résults ustify the use of the faste st lens 
available. 

i/so, with a large-aperture lens, diffraction, tacitly 
ignored until now, has a minor effect on image definition. 
For example, the Kodak {/0.75 lens produces a diffrac- 
tion pattern of a point source of light with a half-inten- 
sily u idth that subtendsa an angle of only 0.8 sec of arc at 
the lens aperture This angle 18 an order of magnitude 
. listed above 


smalle r than even the smalle at val ue of 6 


ne 
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percentage of t. Each number is the 
verage of the judgment of two plate 
eaders, the that a 


penetramete! “seen” if its 


criterion being 
could be 
and the outline of at least one 
Table 1 


so shows the minimum contrast that 


itline 
le could be distinguished. 


in be seen if the crystal is replaced by 
1 EKastman X-ray film (4). 
that there is 


ttle difference between the three crys- 


These numbers show 


ils, although the thinner ones appear 
» be somewhat better. None of them 
is sensitive as X-ray film, which can 
reproduce images with only about 49 or 
of the minimum crystal contrast. 
Image brightness. The amount of 
ight produced in the 1-in.-thick erystal 
an X-ray beam of unit intensity was 
measured as a function of X-ray en- 
rgy. At each energy, the light was 
measured with an RCA 5819 photo- 
\ultiplier that 
ection of the crystal, and the X-ray 


viewed a 1-in.-square 


peam 


intensity was measured with a 
transmission monitor, which was cali- 
brated in ergs/em?/sec by means of a 
econdary standard consisting of a 
Victoreen r-thimble encased in a 4¢-in.- 
thick lead shell. * 

Che results shown in Table 2 have 
wen normalized to unity at 20 Mey. 

ch number is the result of several 
photomultiplier measurements and sev- 
Calculated 
Ac- 


ling to these figures, instrument re- 


monitor calibrations. 
deviations are also shown. 
onse does not vary 
etween 20 and sO) Mev 

The ec 


“cl in 


appreciably 


stal brightness has not been 


absolute terms How- 


X-ra 


th the r-thimble corresponds 


energies used 1 r/min 


ec beam intensit (4 
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FIG. 3. Crystal image of 
small compressor in Fig. 1. 
An air bubble in the silicone 
fluid is outlined around cyl- 
inderhead. Ithassince been 
removed 


” 


FIG. 4. Betatron used at 
National Bureau of Stand- 
ards to generate high-energy 
X-Rays for scintillation-crystal 
fluoroscopy 


ever, the absolute sensitivity of the 
assembled instrument has been meas- 
20-Mev X-rays, 
image structure 


ured. Using some 


high-contrast could 
still be seen on the television monitor 
screen when the X-ray intensity at the 
crystal was reduced to 5 erg/cm?*/sec. 
According to Table 2 the same should 
be true for all energies between 20 and 
80 Mev 


Crystal Discoloration 


The equipment shown in Fig. 1 was 
assembled as an exhibit during Febru- 
ary of this year. Using 45-Mev X-rays 
from the NBS betatron (Fig. 4), a TV 





TABLE 1-—Percent Thickness Change 
Resolvable 


Steel thickness, t (in.) 


Detector “ f j d 10 


}4-in. crystal 6 


b6-in. crystal 4.5 
l-in. crystal 5.! 
Eastman X-ray 


film * ae Bas 
*The 2, 4, and 6-in. sensitivities were 


with Type M film, and the 8 
with Type A film 


measured 
and 10-in points 





TABLE 2—Crystal Sensitivity 


Senartivily 
( tot photons 
erg /cm* / sec 


0.08 
0.05 
0 05 
0.05 





picture ol the moving parts inside of 
the 
21-in. 


was displayed on a 
this 


demonstration period, the crystal was 


COTNPressol 


monitor screen. During 
bombarded for a total of 24 hr at an 
average rate of about 1,250 erg ‘em? 
sec, ZIVINE A 
10° erg/em?* 
36,000 r measured with a 
thimble in a lead shell 


When the crystal was examined after 


gross exposure of about 
This is equivalent to 
Victoreen 


Le-in 


this exposure, discoloration was found 
Although parts of the crystal that had 
been protected from the X-rays by the 
compressor steel were still transparent, 
those parts exposed to the direct beam 
had turned brown. Subsequent ex- 
periments with a smal! crystal showed 
definitely that it was the crvstal, rather 
than the glass window or the silicone 
fluid, that had discolored 

After exposure to sunlight for several 
hours, most of the crystal discoloration 


disappeared. As would be expected, 


the rate of bleaching decreased drasti- 
cally with time (@), so that one month 
later minute traces of the compressor 
image could stiil be However, 


Bee TI 
after the first few minutes of bleaching, 
the image was too faint to interfere with 
normal use of the instrument 
* > > 

I would like to expreaa my gratitude for the 
constant help and guidance of D iH “ 
Koch, who originally « 
Work on the 
i’. 8 


ggested thera project 


by the 


project 
ftomic Energy Comm 


was sponsored 
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Using Boron-Trifluoride Gas 
for Reactor Control 


Fine adjustment of reactivity can be accomplished by varying pressure and 


thus the number of boron-10 atoms in a gas container in the reactor core. 


But 


boron burn-out and irradiation-induced changes in molar composition of the 


gas make long-term pressure calibration difficult, so boron content must be 


monitored 


By W. E. CAWLEY 
Reactor Operations Engines 


General Electric Company, R 


A SIMPLE REACTOR CONTROL tem 


using boron-trifluoride gas as the neu 
tron absorber has been installed on the 
Hanford-305 test reactor 4 


control BY stem could be applied to other 


similar 


research reactors such as the Materials 
Testing Reactor tjoth the 
system and possible applications are 


present 


discussed in this article 
The principle of this ft pe reacto! 
If BE 


located in the 


control is quite simple gas is 
introduced into a tubs 
neutron flux, some of the neutrons will 


the 


, 


be absorbed by the B 


gus, 
will be a function of the number of B 


isotope n 
The number of neutrons absorbed 
atoms present in the flux. Since this is 
proportional to the pressure exerted on 
the gas, the 


cross section of the gas 


macroscopl absorption 
in the control 
can be changed by varying the pressure 

A gaseous control system would be 
much less expensive than a system us 
ing Also 
reactivity control can be obtained if 


control rods very fine 
the system is carefully designed 

The danger of gas leakage during 
reactor operation can be minimized by 
periodically pressure testing the con 
trol when the not 
operating. But the possibility of pre 


sure loss is always present rherefore 


system reactor 1s 


a fast-acting dependable safety system 
is required if this type control is used on 
a reactor that operates at a significant 


30 


Hanford 
thland 


tiomic Product 
Washington 


Ope ration 


power if the reactor is not inherently 
fail-safe. If reactor characteristics are 
such that failure of the normal contro 
system would be disastrous, the gas 
type control system would not appeai 
to be applicable for use as the primary 


control system 


305-Reactor BF, Control 

The Hanford 
considered ideal for 
BF; control 


operates at 


305 test reactor was 
application of a 


This 


powel! 


system reactor 


very low and has 
negative metal and graphite tempera 
ture coefficients of reactivity. 

the 305 
reactor and its use is given with Fig. 1. 
the 


The con- 


A general description of 


Figure 2 shows schematically 
control-system components, 
trol tube was made from a %¢-in.-diam 
The small tube 
tube to the 


aluminum 


eter aluminum tube 
the 


also 


connecting control 


bellows is made of 


After 


pressure range and the travel of the 


the system volume, the desired 


linear actuator were determined, it wa 
ut simple matter to calculate the size of 
the bellows required 

The effect of the BF; 


control system was determined in much 


reactivity 


the same manner as that of test speci 


mens (see p. 31), except that the effect 
was determined at various pressures so 
that a calibration curve could be made 
It was found that over tl 


e narrow pres 


ure range used in this application, the 
calibration curve was essentially linear. 
Later recalibrations indicated that no 
measurable change in control strength 


ol the BF 
\ continuous 


gas had occurred 
the B'° 
reactor 1s 
flux 


it was calculated 


burn-out of 
while the 
the 
used in this reactor 
that the 
thus caused 


However, if this type control were to be 


Isotope occurs 


operating. At low density 


change in control strength 


would be negligible. 


used in research reactors having a 
much higher flux, such as the MTR or 
the Brookhaven reactor, the problem of 
Be isotope depletion would become a 


significant factor 


Boron Burn-Out 
The 
transmuted by irradiation is described 


rate at which an element is 


by the differential equation 


dn/dt Voo, 


t 
f ga,dt 
It 


Qa, it to) 


Integrating 


[ dn/N 
QO, fr 
Vi 


In In No In (N/No) a, ol 


Therefore, ¢ WSN gore 


the 


Ww here CO. 


absorption section in 
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FIG. 1. Hanford 305 test reactor is uncooled and graphite 
moderated; it is fueled with natural uranium, Normal power 
level is 6 watts. Graphite train on elevated platform in fore 

ynd holds test specimens; height is adjusted by six power 


= “- 
» -£ 

driven screws to charge train and test pieces in any of available 
Control and shim rods enter reactor from far side. 


test holes. 
Any one rod can shut 


Vertical safety rod is also provided 
reactor down. The reactor weighs 1,000 tons 





How Hanford 305 Test Reactor Is Used 


eactor is used to determine the amount of react 
hy a gwen amount of material For routine t 


le train containing material of known nuclear 


ved into reactor core Shim rod is withdra 
ich that, after the vertical safety rod is withd 
trol rod will be withdrawn roughly 100 inches 


tor goes critical, Control and shim-rod positior 


il to the nearest 1/1000 in. 


ordee 
etric pre ure 18 also recorded This reacto 
hie ni 


tie atmos phe re, and variations in an 


relatwely large effect on available reactiwity 
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rections are therefore made to com pensate for any change 


ifter the graphite train bearing the material of known 


puruy vs removed from the reactor core, the material to be 
tested is placed on a similar train and ¢ harged into the reactor 


Control and shim rods are again po itioned care fully iny 


difference in final position 18 noted 


By means of a rod calibration curve the difference im 


reachwuy absorbed hy knou nm and unk nown sam ple can he 


determined Reacti ity determinations can be made with an 


accuracy of + 0.002 inhoura Vethod detects 0.1 ppm im 


purities. Buiit in 1944, the reactor ia the world’s third 
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FIG. 2. BF, control system designed for 
use on 305 test reactor 


FIG. 3. Boron-10 depletion and gas-pres- 
sure increase as a function of time 
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FIG. 4. Boron-10 isotope monitor provides measurements directly proportional 


to control strength 


barns, @ is flux density in n/cm?*/sec, 
No is number of atoms 
¢ = 0, and N is number of atoms of an 


present at time 


element present at any time aftert = 0 
Using this relation, it is a simple 
matter to determine the rate at which 
the B'® isotope would be depleted if a 
sealed tube containing BI 
MTR 
The average flux at this position i 
2x 10" 
plot of burn-out as a function of time 
The calculation 
reserve BF, in the system 


were placed 


inside, say, the reactor tank 


n/cem?*/sec Figure 3 is a 


assumes there is no 


(n,a) Pressure Increase 


In the transmutation of B 
03 % of the 


under 
neutron irradiation (/ 


product atoms are B the remainder 


32 


Thus, 


is expected that the following 


with boron in the form 


will occur 


BY’, + on'— 3F + B''* 


> (3F) + Het + Li 


Assuming the lithium combines chemi 
cally with a fluorine atom and the other 
the gaseous 


three 


fluorine atoms remain in 
state, there then be 
Lik, He, F.) where there 
mol originally 


will mols 


was one BI 
The LiF is expected to be a solid 
It will therefore increase the pressure 
The He ind 
Chu 


wo mols ol 


only a negligible amount 
F, will 
effectively 


doubtless ln ASCOUS 
there are t 
formed for each mol destroyed big 


ure 3 shows how the reaction causes the 


pressure to rise as a function of time. 

From the two sample curves of Fig. 
3, it will be noted that if a given pres- 
sure is to be maintained in the system 
by bleeding off the gas as the pressure 
increases, the control value of the tube 
Bt 
atoms being burned out but also be- 
B' ’ 
This factor must be con- 


decreases not only as a result of 


cause some will be removed by 
bleeding. 
sidered in control-system design. It 
indicates that it is probably more desir- 
than 
the 
If two- or three-way solenoid 


they 


able to use on-off valves rather 


pressure regulators to control 


pressure, 
valves used 


are must 


dead-tight shut-off. 


give a 


Boron Isotope Monitor 


Because control strength is reduced 


and pressure increased during burn- 


out, some measurement other than 


pressure must be made to determine 
actual control strength with the gas- 
would be most 


B' 


tion, for this is directly proportional to 


type system. It 


desirable to measure concentra- 


control strength. Figure 4 is a sche- 


matic of apparatus that can be used 
the B'° 
present in BF; at any time. 

The this type of 


measurement confirmed by an 


to monitor concentration 
feasibility of 
Was 
experiment using a small radium- 
beryllium capsule as a neutron source. 
the 


passed through 


Paraffin was used to thermalize 


neutrons before they 


a chamber connected to the BF; con- 
trol tube. A located 
above the BF, used to 
measure the number of neutrons pass- 
the gas. As the B" 
concentration was decreased, the num- 
the 


neutron counter 
container was 


ing through 


ber of neutrons passing through 


chamber increased 
can be 


this 
uljusted by varying the strength of the 


Sensitivity of device 
neutron source, by changing pressure- 
vessel volume by varying the paraffin 
moderator thickness, and by changes in 


geometry and shielding 


Control Strength 
Within the 


used experimentally with the 305 test 


limited pressure range 


reactor, calibration was linea Sut 


a large pressure variation is used in 
the control system, the change in re- 
tivity will not 
\ typical curve 


the 


be a linear function. 
in this instance for a 
; tube in center of the MTR 
is shown in Fig, 5. 


this 


tank 


The cause ol nearit is 
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Pressure (atmospheres) 











FIG. 5. For large pressure variations in 
gas-control system, control strength is not a 
linear function of pressure 


vn by the equation 


AK CX Procat/Pmax.)* 


here AK is reactivity change and C 
n experimentally determined con- 
tant The macroscopic cross section, 


‘ 


directly with 


reuse but the 


iries pressure In- 


loeal flux density is 
reduced as control strength increases. 
The curve becomes 


100% blackness 


asymptotic at 


Selecting Equipment 


Icxtreme care must be exercised in 


electing pressure-control equipment 
BF, hardens both synthetic and natural 
ibber and attacks all plastics except 

se with a such as 


fluorine base, 


attack 


or any other of 


does not 


Teflon Dry BF 
stee | 


aluminum brass 
the usual materials used for construc- 
tion of pressure vessels and valves (2) 


But when Bk 


is hydrolyzed 


is passed into water, it 
and several acidic com- 
The for- 
mation of specific compounds is a fune- 
tion of the 
first reaction products may, 


pounds may be formed (3). 
kinetics involved, for the 
in time, be 
solvated Known reactions and avail- 
able equilibrium constants are shown 
at right 

BF, solubility 


that of ammonia in water 


in water is of the same 
magnitude a 
At orc 


ot water 


and 762 mm of mereury, | ml 
ibsorbs 1,057 ml of BI At 
room temperature, the ratio of absorp- 
700. This 


solvation of the gaseous 


tion is | very high solu- 
bilitv suggests 


solute 


Disposing of Irradiated Gas 


Free escape of spent gas to the atmos- 


phere would be undesirable for two 


reasons: (a) it would be slightly radio- 


by) « 


will cause irritation of the skin 


active ven dilute concentrations 
of BE 
and throat There has been no notice- 
able physical damage to workers em- 
ployed in the chemical 
plants that produce BF, 


Calculations of induced activity in 


processing 


however, 


commercial By have been made for 


reactor exposures of 1, 2, and 3 months, 
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FIG. 6. 
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Safe disposal of BF; gas may be accomplished by absorbing it in water 


BF:-Water Reactions 


2H,0 — BI 
H,O — HI 


2BF, + 
HBF,OW 4 


H.O + HBP,OH 
HBFAOH),* 


— HBF, H,O 
AHF 


OH? 


HBF,OH + HI 
HBF, + 3H,0 =< H,BO 
HBF, + H,O — HF + HBI 
BF, + 2H,O — BF, 2H,0 
~H,OUBP,OH 
“HE + HBF,(OH), 
3(BF,2H.0 
*~HBFOH HF -2BF,4H,0 
6HBF (OH), =< ABR, + ByOy + GH,O 
HBF,(OT). H,O —2HF + HyBO, 
iBF, + 3H,O0 — 3HBPF, HBO, 
fast 


~HBR(OH 


/ 
* 


H,BO, + HI 


SH,O 
2H,O 
(OM), 


boron 


HBRF(OH + SHI “TIBF, 
H,BO, + 3HI “HBPF,OH 4 
2BF, + 3H,0 HBO “SUBI 


For the over-all reaction of 
equilibrium 
ion? 


trifluoride md = owater t 


constant kiliter nole-min 6.4 


+ 7.35 (Hl 





Typically, commercial BF, contains 
96.2% BF, 2.39% Sify, 0.4% SO- 
0.42% au It was assumed that a 
sample was contained in a 1-ft® vessel 
at 360 psig. The may 
gamma activity at a distance of IL ft 
from the container was 1.4 * 10 
small traces 
that will 


imum calculated 


* me 
hr There are, no doubt 
of other impurities in the gas 
increase the activity 
Fortunately, the affinity of water for 
ethod of avoid- 


BF; provides an easy n 
ing its release to the atmosphere. Fig- 
he dis- 

The 
past a 
the re 
throat of the 


ure 6 shows how the gas can 
posed of by absorbing it in water 
gas passes through a bubbler 


check vali e 
circulating water at the 


ind is absorbed b 


aspirator. 
The 


steel COUPONS export 


Mild 


mixture 


wile 


final mixture 
to this 


were attacked quite severe | hut stain 


less-atee!] component vere unharmed, 


. . 


Thia article ia based ov sented at 
the Unive sly of Ca 
Nuclear Engineering, | 


19656 
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Calculated Energy Spectra for Negatron Emitters 


Here are two schemes for calculat- 


ing the shape of allowed and first- 


forbidden beta-ray spectra, given 


the atomic number of the emitter 


and the maximum beta-ray energy. 


Average energy and zero-energy 


ordinate can also be quickly de- {pa 


termined 


By JOHN H. MARSHALL 
Radioactivity Center 
Massachusetts Inatitute of 
Cambridge, Massachusett 


Technology 


IN MANY APPLICATIONS it useful to 
know 
beta 


The 


spectrum, L 


the energy distribution of the 
emitted b 


maximum energ ol a 


rays itomic nuciel 


beta-ray 


can be found easily from 


charts or tables, but the number 


energy distribution, the shape 


beta-ray spectrum hardly eve 


irticle 


directly in the literature Chi 


contains graphs from which spectral 


| 


shapes may be found, given the 


the emitter, Z, and max 


itomun 
number of 
mum energy, / 

ided In 


shapes ol 


Two method ire pro 


Figs. 1-5 the theoretical 
beta-ray pectra are plotted 


of Z and / ind a 


particular allowed spectrum 


allowed 
for different value 
may be 
found approximately by interpolation 
Alternatively, Fig 


method for 


2 ipid 


6 provides 
obtaining ny allowed 


shape directly. If graphical accuracy 


is not su ffic lent, an allowed 


spectrum 

may be calculated directly from tables 

(2, 3). 
These 


can probably be trusted to 


theoretical allow 


actual 
No experi 
here tor 


curate spectral hapes for 
lowed beta-ray transitions 
mental evidence is included 


that the reader is referred to the excel 


34 


be partment of Physica 


FIG. 1 


lent review of beta decay by C. 8. Wu 


1), which discusses the extent of agree 





Why Determine Beta-Ray 
Spectral Shapes? 


It is often important to know the shapu 
of a beta-ray spectrum, at least approxi 
mately, in order to inte rpret the response 
lo beta rays of an energy-sensilive deter 


tor S pet ific ¢ ram ple e are 


a Rapid determination of the max 


/ 


mum energy of a low-actwily beta-ray 


pectrun 


emitter from us pulse-he rghl 


a scintillation counter 


(b) Estimation of the 
detecting very low-energy beta-ray track 
ma nuclear track emul Ww? 

( Estimation of the detection eff 
cuency of proportional hela ray counters 
having a known energy discrimination 


level 


(d) Calculation of beta ray dose and 
estimation of the effect of forbiddenne 


upon average energy 


Allowed negatron spectra; Z 


probabilut / of 


a | 


03 04 05 06 OO” O8 OS 


Fraction of Maximum Energy,E, 


4; max. energies shown 


How to Figure 


ment between theory and experiment. * 


The theory 


also appears to be ac- 


curate for forbidden transitions, and 


these are discussed In some cases 
forbidden 
unique in that it 


adjustable 


however the theoretical 
spectrum is not 
eral 


involves one or se 


parameters 


On Spectral Shapes 


The shape of an allowed negatron 


bp spectrum of i maximum energy 
is perhaps surprising to anyone brought 
up on the idea that beta spectra are all 
that of P 


more or less like rom 


Figs. 2 or 3 it can be seen that an allowed 
with low / 


the familiar maximum 


does not exhibit 
This bn havior 


pectrum 


* A word of warning is in order alx 


lificulty of obtaining undistorted spe« 


perimentally ab satlering 


| orption 


backscattering of beta rays 
stered by the detector 


tort the spec 


before they are 
can seriously dis 
trun In a magnet pec 
with a 
Mev 
below 500 kev 
‘ ource is 3 mmg/ct thick: and a prec 
trum with & 160 kev is distorted below 
bout 40 ke by a source 2 we@/em? thick 
Other types of 


meter ‘ pectrul maximum 


ray of about begins to show 


easurable distortior when 


detectors ma not 


require such thin sources, but it is always 


ult in practice avoid experimental 


tortion 
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a 


b 


Number Per Unit Energy 


z*80 
; 


r es = = | l 


! a § a = 1 j — — l l 
02 03 o4 o5 06 07 08 09 0 el 02 03 o4 o5 06 o7 08 09 
Fraction of Maximum Energy, E, Fraction of Moximum Energy, Eo 


Allowed negatron spectra; Z = 20; max. energies shown FIG.3. Allowed negatron spectra; Z = 80; max. energies shown 


Shapes of Beta-Ray Spectra 


by negatron energy in energy units and the same spectrum negatrons per unit momentum is theo 
plotted in momentum units arises from __ retically also proportional tov, There 

t although the number of — the following facts. When the veloc- fore as v approaches zero, the number 
per unit energy may remain ity, v, of a beta ray is small, its kinetic of negatrons per unit energy remains 
e energy approaches zero, energy is proportional to v? while its finite while the number of negatrons 
of beta rays per unit momentum is proportional to v; hence per unit momentum approaches zero 

1 goes to zero. the number of energy units per momen- The relatively large number of low 
lamental difference in shape tum unit is proportional tor For low energy beta rays in a 8~ spectrum of 


beta-ray spectrum plotted negatron velocities the number of low maximum energy should be of 


Calculated Energy Spectra for Positron Emitters 


E.,* 200 kev 


E,*200 kev 


> 


a 


Number Per Unit Energy 


Number Per Unit Energy 


N 


z*64 


02 05 04 05 06 OF OB 05 02 035 04 05 08 OF 
Fraction of Maximum Energy, Eo Fraction of Maximum Energy, 6, 


FIG. 4. Allowed positron spectra; Z 16; max, energies shown Allowed positron spectra; Z 84; max, energies shown 
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Negatron, (3- 
— Positron, 3 + 


Z values refer to initial nucleus 


hee > ed 
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~ 
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\ 
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Fraction of E, ~ 
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— we 
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FIG. 6. Graph for obtaining shape of allowed beta spectrum by rapid method 
Curves are pWF(Z,W) for various Z. Shaded area is (Ey — E)~* plotted versus 
fraction of Eo; it is shown set for E 2 Mev. An overlay curve should be traced 
from the shaded area and used as follows: set right edge of overlay (1.0 E,) at 
maximum energy of desired spectrum. Then spectrum ordinates are differences 
between pWF curve for appropriate Z and the overlay measured on vertical log scale 


anyone using an tion This is discussed in the section 


interest to 
sensitive detector on log ft value. 

If the spectrum has an allowed shape 
Determining Spectral Shape 7 
distribu ais 
method) 


may be found directly from Fig. ¢ 


To determine the energy explained in the section on rapid 


tion of the electrons emitted from a cer or by interpolation from Fig 


dete! l-) 


If the spectrum does not have 
in allowed shape then the 
same Z and / 
the shape factor for the 


tain beta-emitting nuclide, first 


mine whether or not the beta-ra allowed 


spectrum Is COMpieNr If two maxi hape for the must be 


mum listed for a 


emitter, then the two 


energies are multiplied by 


particular nuclide \ shape lactor 


Dbeta-ra' pects 


should be found separately and thei: reported in the literature either as 


added ft 


electron 


ordinates algebraic function of energy or g aphi 


version Irom art cally as in | iw. Y. 
converted gamma ray, the ; , 
Calculation of Figures 1-6 


According to the theory of beta de 


impose line spectra on the continuous 


spectrum Let ou issume 


beta-ray 
that the beta spectrum 
ing neither of the complir 


the shape ol an allowed sper 


or p 


imple ha cuy 


itions above trum (g is given b 


Next, you determine whether the bad : 
" , VE kF(Z,W)pW k 
spectrum has an allowed or a forbidder 


The surest way is to refer to Vii the relative number of 


beta rays per unit energ\ 


shape. where 
an actual spectrometer measurement 
an arbitrary constant 

the Fermi Differential Func 


the Coulomb 


If a measurement of shape is not avai k 

FiZ,V 
un tion 
effect on both 8 


able, it is often possible to infer 


probable shape from the half-lif which describes 


maximum energy of the beta transi ind 8* through use 


36 


of positive and negative values of Z) 
pW E the statistical factor 
derived from conservation of energy 
and momentum between beta ray 
and neutrino 
kinetic energy 


maximum kinetic 


of beta ray 
energy of beta 
spectrum 


E(in kev 


510.9 


total energy of 


beta ray in rest-mass units 


Vu 


atom 


| beta-ray momentum 
of initial nucleus 
article, Z is the 
the beta emitter 


numbe! 
this 


atomic number of 


throughout 


not of its decay product 

Exact values of pWF(Z,W) were 
National Bureau of 
of the Fermi function 


ob- 
tained from the 
Standards table 
4 These values were corrected for 
using Reitz’s Eniac calcula- 


Figure 6 shows pWF(Z,W 


corrected for screening, as a function of 


screening 


tions (5). 


FE for both negatron (8~) and positron 
different Z The 


negatrons be- 


| emitters ol 
pWF(Z,W 


come approximately constant at 


curves ior 
low 


energy, 80 lor negatron spectra Figs. 


|~3), NCE) remains finite and can be 
( <trapolated smoothly into the axis at 
zero energy 


All plotted spectra (Figs. 1-5) have 


been normalized to have a maximum 


ordinate of 10 betas per unit energy; 


the accuracy is about 2%. 


Rapid Method for 
Allowed Shapes 


From the curves in Fig. 6, one 


can 
find the number per unit energy as a 
for the beta rays of 
The method 
lay plot 


function of energ’ 
an allowed spectrum 


able ovel 


utilizes the mo 
shaded in at the lower right of Fig. 6 
can be constructed 
the overlay thin 
When the right 


at the 


A working overlay 
by tracing eurve on 
paper or celluloid 


edge of the overlay is set maxi- 


mum energy of the desired spectrum 
the number of betas per unit energy is 
simply the difference between the curve 
for Z of the the 


overlay the 


parent nucleus and 


curve as measured on 
vertical log scale 

The curve is (E E 
plotted against E/E Both 
pWF(Z,W) and (FE E)~* are plotted 
on a log scale so that the vertical dis- 
the 


logarithms. 


overlay 


them 
their 


tance between represents 


difference between 
\leasuring this difference on the verti- 
cal log seale is equivalent to finding the 


antilogarithm. Algebraically 
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dinate at O key 


Average Ordinate 


. 


Z refers to initial nucieus 


1 =o = 
re OI 02 


oa 
03 0405 





: > 
All 2 spectra 


Maximum Energy, E. (Mev) 


FIG. 7. 


maximum energy 


log pWF(Z,W) 
— log (Ey — E)?* (2) 


the logarithm of Eq. 1 is simi- 


* log k + log pWwF(Z,W) 
+ log (Ey — E)? 


s equivalent to Eq. 2 


changing 
gn of the last term changes the sign 

The vertical position 
affects the value of k, 


constant, and does not 


the exponent 
the ove: lay 
irbitrary 
t the shape of a spectrum 

<AMPLE: Find the allowed 8~ spec- 

for Z 10 and Ey = 2 Mev: 
Set the right edge of the overlay 

0 Eo) at 2 Mev (as in Fig. 6). 

The difference between the Z 
and the 
with a 


HH) ) 6negatron 


g curve overlay 


is measured pair of 


V(E 


te that when the Z curve crosses 
V (FP) | When 


eis above the overlay curve, 


my curve 


ler separation 1s measured up 
tv, and when below, down from 


n the vertical log scale 
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Zero-energy ordinate of allowed spectra. 
energy ordinate divided by average ordinate is plotted versus 


FIG. 8. 


Zero- 


maximum energy. 


Zero-Energy Ordinate 


The quantity A, the ratio of the zero- 
energy ordinate to the average ordinate 
of allowed beta-ray spectra, is plotted 
for different values of Z and 


The zero-energy 


in Fig. 7 
maximum energy & 

to the number of beta 
the 


average 


ordinate refers 


rays per unit energy 4s 


he 


nate is the total area under the spec- 


energy 
approaches ZeTo ordi- 
trum divided by the maximum energy; 
that is 
, (% 
| V(E) dk 
Eo Jo 


V0 
ViE 


ag 


Values of A from 0 to 3.0 were obtained 
graphically from the calculated spectra 
to an accuracy of about 0.1. 
The appearance of an allowed beta- 
ray spectrum can be quickly obtained 
this ratio, hA If h 0, N(E) 
drops to zero at E 0; this applies to 
all p* spectra 


trum has no ma 


If A is large, the spec- 
imum but continues to 
zero, as the Ey 

Fig. 3. A 
these 
vould be a straight line 
atk 1) 
uch a straight- 


rise as L approaches 
200 kev @ 


spectrum ints rmediate 


spectrum in 
between 
two extreme 
decreasing from ordinate N (0 
to Nib 
line spectrum juld have an 
ordinate N(I),., 2, ita h 


would be 2 


since 
average 
value 
none of the 
than 2 


maximum 


spectra yreate! 


in Fig. 7 » familiar 


The rat iseful for esti 


Average energy of allowed negatron 
Average energy divided by maximum energy is plotted versus 
Circles are values given in Table | 


Z refers to initial nucleus 


a meas 
03 04 0506 of | 
Maximum Energy, &. (Mev) 


spectra. 


mating the detection efficiency to be 
expected when the threshhold energs 
than £, 
detect all 
betas emitted with energy greater than 
0.01 Eo. Then if the 


were not distorted (by 


of a detector is much less 


Suppose a counter could 

beta spectrum 
source thickness 
the efficiency of the coun 
about ] O.OLA) 


for example 


ter would be 


Average Energy 
The 


energy for allowed negatron spectra is 


ratio of average to maximum 


given in Fig. 8 and Table | as a fune 


tion of Z and Ky 


of a spectrum is defined as 


Ke / kK 
I, EN(E) dk / [, Vi Eh) dk 


Values of Fy, 


graphical 


The average energy 


were obtained by 


integration of calculated 
These 


within 2% ol 


spectra value of average 


energy «are those of 
Marinelli et al 


energy spectra, 


low 
300 key 
ippear to be 56-10% 
Marinelli 
spectra that are 


except tor very 

telow Ky > 
Marinelli’s curves 
high Incidental| 
values of F,,, for 8 
not included here 


gives 


Shape Factor for 
Forbidden Spectra 


All of the foregoing ipplies to illowed 


beta transitions, and of the spectra 
given previou | i to have an 
illowed shape lo tind the al pe of 


the beta-ray spectrum | i forbidden 
first obtain the allowed 


en Z and ma 


transition 


immuln 


37 


spectrum tor the giy 








E,* 0.102 Mev 





—_ i | | 
02 04 06 08 
Fraction of Moximum Energy,E, 


FIG. 9. First-forbidden (Al 2) shape 
factor, a ~~ p’ + q’, plotted versus energy 
for several maximum energies 


energy. Then multiply by the prope: 
shape factor, C(/) 


80 that it applies to any beta emitter 


N(E) = C(E)kF(Z,W 


Rewriting Eq. | 


pWwok, k 


N(E) 
emitted per unit energy 

C(E) = shape factor 4 
energy) 

C(E) = 1 for any 
The other symbols are exactly as in 

Eq, 1. 


a particular beta transition can best 


where number of beta 1 


uys 
function ol 
allowed transition 

In general, the shape factor for 


be obtained from experimental articl 
The shape factor is usually given in 
the and 


terms of p and g beta-ra) 


neutrino momenta 


where W, E 
in iq j 
The 


factor Is 


and Ey mean the same 


most forbidden si 
that 
with 


common 
for a first-forbidde: 
Al 2 


transition * olten called 


the 


a lactor 
C(E) 
In Fig. 9, a is plotted as a function of 
Ki / Ko for different 
k A dozen 
hibit the a shape are listed in Table 2 
taken from the re Wu 
I Other transitions 
first forbidden with A/ 
be expected to show 


Maver (4) 


maximum energies 


nuclides known to e» 
view article by 
believed 
2 (whi h may 


an a shape 


listed by 


Spectral Shape and 
Log ft Value 


When no experimental determination 
of the shape is available, an indication 
of the probable shape can be found in 
many cases from the log ft value and 
the spin change. 

If the half-life 


energy ol a beta-ray 


and maximum 


given transition 
yield a log ft value (6 6.0, the 
| 


beta transition is probably allowed and 


below 


the beta spectrum may be expected to 
have an allowed shape, C(/) | 

If the log ft value is between 6.0 and 
10, the transition is probabl 
first-forbidden. F irst-forbidden trans 
tions may have spin change AJ = 0, | 


about 


* First-forbidden transitions involy 
it change 

tA method for cal 
lating half-life, atomic 
number, and maximum energy 


8S. A. Moszkowski (¢ 


rapid graphical 


log ft values from 


is given b 





TABLE 1--Average Energy of 


Varimum (fom 


energy, BE 
(Mex) 


0.1 
0.2 
0.6 
2 


* Tabulated values are 


be accurate to within 2 t These values 


Allowed Negatron Spectra, F,,,/F. 


average energy div 


number of initial nucleus, Z 


0.273 
0.293 
0.341 
0.414 


ided by They 


should be good to within 


maximum energy, E should 


| 





to be 


; 





TABLE 2—-Beta-Ray Spectral Shapes* 


ALLOWED SHAPES have been found 
Cu 
Cu 
Nb 
g In 
Pm 
1 Hi 
10 te 
I] Au an 
SHAPES Fir 
have 


s ; 


ALPHA 
\/ 2, Yes 


st tort idden 
been found (7) for 
yu 
y* 


* On! few «# pes are g 


ses these experimental me 


ot extend below about one 


um energ 


ot the pectrur 





or 2 If Al 2, then the 
trum will have an a shape C(E a. 


If Al 0 or 1 


or may 


beta spec- 
the beta spectrum may 
not have the allowed shape. 
If it differs from the allowed shape, the 
difference may enhance either the high- 
or low-energy end of the spectrum and 
cannot be uniquely predicted as yet 
For log ft greater than 10, the transi- 
tion is probably second or third for- 
bidden. which a 


Spectra for unique 


shape factor is known are given by 


Wu (7). A 


some beta-active nuclides according to 


useful classification of 


spin change and forbiddenness is given 
by Mayer (6 
* oF - 
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White for making the calculations of apectral 
shapes 
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OVER-ALL VIEW. Just behind scanning head is shielded scintillation counter SCANNING FRAME, rocked by heart-shaped 
and small CRT viewed by Polaroid-Land camera. CRT spot moves in syn- variable-speed cam, supports slotted lead brick 
chronism with scanning head. See G. R. Meneely, R. J. Kerr, J. E. Hoffman, and and rotating Hevimet ball pierced by three equa- 
S. K. Haynes, Phys. Rev. 95, 308A (1954) torial holes 


Spinning-Ball CRT Scanner 


By GEORGE R. MENEELY and HOMER L. JONES, Radioisotope Unit and Medical Illustration Laboratory 


of Thayer Veterans Adminstration Hospital and Vanderbilt University, Nashville, Tennessee 


slot ted 
lead 
brick 


"year IAS 


40 deg 


~ SYA 


MECHANICAL DETAILS. Slotted lead brick provides additional shielding for detector. Extent of vertical and horizontal scans is 
indicated; 30-deg rocking motion gives 30-deg vertical scan. Slot and holes in rotating ball give horizontal scan 
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ELECTRONIC CIRCUITS provide synchronism between CRT spot and scanning head SCAN OF ABDOMEN after intravenous colloidal 
and intensify spot when gamma is detected. Single-channel analyzer discrimi- Au'** . , . most is in liver, but some is in enlarged 
nates against degraded Compton-scattered gammas from adjacent organs spleen. Scan required 5 min 
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Dosimetry 


TABLE 1—Exposure in Roentgens of 1,000-kvp X-rays to 


Produce Various Densities 





Kodak 
Kodak film developer D 
Kodak Rapid 
X-ray 
DK-60a 
Kodak Rapid 
X-ray 
DK-60n 
Kodak Rapid 
X-ray 
DK-60a 2 
Kodalith 1,100 


Super Panchro 


Press, Type B 


Super-X X 


Ver hrome 


Kodalith Ortho, 


Ty pe 2 


> 
Roentgen 


280 
1 OOO 


140 
1,300 


1.000 





Disaster Monitoring with Amateur 


and Commercial Photographic Films 


IN THE of an atomic disaster 


widely distributed stand-by do 


EVEN’ 
imetetr 
might be extreme iluable. even if 
they gave only approximate indication 
Photographic films ordinarily stored in 
commercial stocks and homes might 
fulfill this need 

With 


sensitivities to 


this eme rem in mind hie 


penetrating radiation 


were determined for several popular 


films: Kodak 
Film, Type B; Kodak Super XX Pan 


Super Panchro-Pre 


chromatic 
Film; and Kodalith Ortho Film, Type 
2. X-ray | 


films were not included he 
cause their sensitivities t 


) penetrating 


radiation have been published (/ 


Film Calibration 


Film sensitivitie in roentgens, were 
determined for the unfiltered prima: 
1.000 kvp resonant 


radiation from a 


transformer X-ray machine and wer 
checked with 
} vl 


These sensitivities also appl 


40 


radium ramima rh 


Film: Kodak Verichrome 


venerated at 
voltages up to several Mev and to the 
and cobalt-60 


ably well to radiation 


gamma rays of radium 


also apply to 


and therefore should 
atomic bomb prompt radiation (4) 
Photographic materials are less sensi 
tive to these hard 
|,000-kvp X-rays, than to softer radi 
Therefore, 
1,000-kvp X-rays 


radiations to be 


radiations, e.g 


ations calibrations made 
with 


olte! 


would cause 
overvalued 
Specifically, such a calibration would 
residual 


cause overvaluation of any 


radiation from an atomic bomb (4) to 
which the film may have been exposed 
would be 


extent ol 


The magnitude of the error 
difficult The 
the éxposure to the residual radiation 


to estimate 
would, in general, be unknown. Fu 
ther 
their relative sensitivities to hard and 


different types of film vary in 
soft radiation. Silver-bromide photo 
graphic materials would be expected 
to have a spectral sensitivity curve to 


X- or gamma rays similar to that given 


by Wilsey (1), but the ratio of maxi- 
mum to minimum sensitivity depends 


Therefore, 


with re- 


upon the specific material. 


the dosage values obtained 


covered film should be regarded as 
‘approximate maximum dosages.”’ 

To calibrate the films, samples in 
light cardboard holders were placed at 
a series of distances from the X-ray 
focal spot and exposed simultaneously 
to 1,000-kvp X-rays. The 
r/min) for one film location was deter- 
10% (4) with a Vie- 


toreen condense! type r-meter. 


intensity 


mined to within 
From 
the dosage to each film of a series 
The films 


developed in deep tanks, for the times 


this 
could be computed were 


shown in Table 1; fixation, washing, 
and drying followed normal procedure. 

, few 
checked by exposing films to known 
These 
agreed with the X-ray measurements 
+159 The difference be- 


tween the two determinations included 
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points for each film were 


radium gamma-ray dosages 


to within 








Response of Film to 1,000-kvp X-Rays 
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EACH DOSE-DENSITY CURVE represents average of several 
independent determinations. (Table | gives roentgens to pro- 
duce various specific densities.) Super Panchro-Press Film, 
Type B, and Super-XX Panchromatic Film, useful up to 300 
1,000 r, are preferable for dosage estimates; Verichrome Film 


the difference in film sensitivity to the 


TABLE 


errors in ionization 


urements at 1,000 kvp, and experi- 


two radiations, 


2—Development 
Recommendations 





cannot be recommended for densities above about 2.0, cor- 
responding to about 100 r of hard X-rays. Very high contrast of 
Kodalith Ortho Film, Type 2, makes it suitable to estimate only if 
exposure exceeds 1,000 r, If processed film is clear, exposure 
was probably < 1,000 r; if black, probably > 1,000r 


and Darkroom Illumination 





nta aniations. 


Practical Considerations 


In the absence of a densitometer, 


; aT. : Kodak | \ 
iates of film densities of less than 


be made with a photoelectric iesiielliiatens 


Super Panchro 
Press, Type b 

Super-X X 

Kodalith Ortho 


ire meter, or a Kodak Densiguide 


be used for visual comparisons. 


methods are mere stopgaps and 


ot adequate substitutes for the 


conventional densitometet Type 2 


toring by means of common 


* Kodak 8 
4 ft from fil 
7 Constant agit 


iphic films recovered from a 


irea will give only approximate 


Deve lopme nt times 


Kodak Rapid 
ray Det 


at 68° | 


min 


Kodak De 
DK-60a 


Kodalith 
Dev 


Vax 


illumination 


niu dar ky oor 


Kodak Wratten Series 2* 


Total darkness 
Total darkness 


2 954 


~~. 


Kodak Wratten Series 1A* 


suitable safelight lamp with a 15-watt bulb, at not less than 





Dosage evaluations will be 


med with films of different ages he results. De 


under { 


stored error, resul 


have been 


2 of this 


conditions ; 
difficult to 
ler disaster conditions; * * 
soft 
fore and during recovery will affect 
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differing develop- procedure pb 
t techniques will be 
techniq absence of 


ze une 


ire to relatively radiation 


Thia article ia Co 
from the K 


pite these sources of 
crude monitoring 
ght prove of value in the 
more reliable data. 

* 


mmunication \ 0 
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Stondard in reactor) 





Contains 
known 
weight of 
element 
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Activation is usually by (n,7y) reactions. 
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Steps in activation analysis: Samples and standards are irradiated together to produce active isotopes of element being deter- 
After irradiation, some of radioactive element is 


separated chemically from other radionuclides in sample, along with carrier quantity of inactive element, under conditions to yield radio- 


chemically pure product. 


amount of element in sample can be calculated 


Its activity is measured, and by comparing specific activity (activity per unit weight) with that of a standard, 


How to Minimize Errors tn 
Neutron Activation Analysis 


To achieve accuracy as well as precision in neutron activation analysis watch out for: 


errors in activity measurement, incomplete chemical separations, radioactive 


contamination in carrier, and errors in activation due to competing transmutations, 


flux inhomogenities, and self-absorption 


By ROBERT C. PLUMB and JOHN E. LEWIS 


A/uminun 


ACTIVATION ANALYsts has been re 


ceived with much enthusiasm as 


technique of analysis capable of ey 


treme sensitivity Three recent arti 


have reviewed specific 
tions (/, 2, 3). 


The literature on activation analysi 


cles ipplica 


has been replete with descriptions of 
analyses that have demonstrated high 
sensitivity together with adequate pre 
Smales (1) has pro 


cision. However 


vided the only comprehensive review of 
the limitations of activation analys 
activation 


The general 


process ol 
analysis is outlined in Fig. 1 and it 


This 


errors that may enter at various steps 


caption irticle considers the 


in the process, starting with the last 
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Research Laboratories, Alun 


Activity Measurements 
Mueller 


ments for purposes of activation an il 


Creige! activity measure 


sis have been very adequately reviewed 
by Kohman (6). The principal causes 
of errors in activity measurement are 


self-absorption, seattering, geometric 


errors, radioactive decay, background 


and instrumental errors. The instru 
mental errors are usually manifested as 
lack of proportionality between actual 
rate and measured counting 
With the exception of the decay 


these 


dec ny 
rate 


and nonlinearity corrections 


measurement errors may usually be 


circumvented by comparison methods 


of counting m which homogeneous 


samples (as nearly identical in size and 


inum Company ¢ 


Vew Kensington Pennsylvania 


1 merica 


shape as possible) are used with repro- 


ducible positioning in the counter 
with 
scatter- 
iitable 


the 


Counting needn't be absolute 


corrections for self-absorption 


ing, and geometry, as long as 


tandards are irradiated with 
imple 


sel{- 


and instrument 


In general, the problems of 


absorption, scattering 


nonlinearity are less important in 
i radia- 
tion than when measuring beta radia- 


tion with the usual G-M detector 


Chemical Separation 


Chere are two general ty pes ol errors 


that may enter in the chemical separa- 


These are 
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tion 





added to facilitate 


1. The 


chemical separation of the trace ele- 


carrie! 


ment being determined must exchange 
completely w ith the radioactive isotope 
of the element or must be in the same 
chemical form. If one or the other of 
these conditions is not met, the chem- 
ically separated product may not con- 
tain the same ratio of active to inactive 
element that was in the entire system. 

2. The separated isotope must be 
radiochemiecally pure in order for the 
activity to be easily related to the 
amount of the particular radioactive 
isotope in question, 

Smales (/) has pointed out the possi- 
bility of determining 
purity by decay measurements and by 


radiochemical 


absorption measurements of the energy 
of the emitted The char- 
acterization of the by its 


radiation. 
isotope 
energy may be accomplished by the 
Feather 

paring the 
sample of doubtful purity with those of 


method or by simply com- 
absorption curves of a 
one of known purity. 

One modification of the usual absorp- 
tion plot which has been found useful is 
illustrated in Fig. 2. In the upper por- 
tion of the 
curves for a set of samples are plotted 
Two of 


the curves are for pure antimony (Sb) 


graph, the absorption 


directly in the usual fashion. 
metal samples, and the rest of the 
curves are for Sb separated from ir- 
radiated Al alloys. No difference be- 
tween them is readily discernible 

The 


same experimental results plotted as 


lower set of curves shows the 


various 
The 


differences between the Sb-metal sam- 


the relative activity of the 


specimens on a logarithmic scale. 


ples and the Sb separated from alloy 
The 


differences between the curves indicate 


samples are striking in this plot 


that the Sb from the “ pure metal” and 
that from the several alloy samples do 
not have the same radiochemical pur- 
ity. The problem is resolved in the 
section ‘Complications with antimony” 


on p 5 


Activation Errors 

It is convenient to catalog the possi- 
ble sources of error in activation into 
a) transmutation effects and (b) flux- 
variation effects. Flux variations may 
result from either inhomogeneities in 
the unperturbed flux incident on the 
unit or result of at- 


as 4 


irradiation 


tenuation of neutrons by material in 
the irradiation unit. 


Some of the errors possible in the 
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FIG. 2. 


Absorption of radiation from radioantimony in activated samples plotted 


as is usual (top) and as relative activity compared with elemental radioantimony 





Spectrographic Analysis—A Historical Example 


The development of neutron-activation 
analy is parallels that of spectrographic 
analysis somewhat, and one may profit 
by reviewing it. Following Bunsen and 
Kirchoff's original paper in 1860 (4), 
“ Analysis by Means of Spectral Observa- 
there 


the neu 


was a flurry of activity to 
method of chemical 
sensiliwily was 
1884, 


tions, 
develop 
analysis. An extreme 


reached when Hartley (5), in 
demonstrated that magnesium could be 
detected at a concentration of one part in 
10"* by the 
until the 


mental developments overcame difficulties 


spectrograph. It was nol 


nineteen twenties that instru- 


in reproducthility and permitted the 


analyst to take advantage of any large 
part of the sensitu uty of the spectrograph 
From that time on, emission spectroscopy 
has flourished as a routine analytical 
tool 


within the laat decade or two 


control and research However, 
new limita- 
tions in the form of matrix effects have 
appeared on the validity of spectrochemi- 
cal analysis, and one is forced to conclude 
that the 
analysis is not usually as good as its 
It ie usually found that the 


accuracy depends not only on how well 


accuracy of spectrochemical 


precision, 


calibrated the spectrochemical standards 
well they simulate the 


composition and properties of the samples 
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are, but on how 











FIG. 3. 


activation process have been indicated 


in the literature (/), but very little has 


been written about experimental meas 
when, and 


urements demonstrating 


errors may enter 
(1) and Leddicotte (2) have 
that 


samples from a neutron flux may occur 


to what extent 


Smales 
pointed out self-shielding of 
with large quantities of elements with 
very high neutron-capture cross se 
tions and have discussed the possibility 
of transmuting a foreign element in the 
sumple into a radioactive isotope of 
the element being determined 
Transmutation reactions. The ab 
sorption of a neutron and emission of a 
with 


charged particle usually occurs 


high-energy neutrons and, with only a 
few exceptions (e.g. Li® (n,a)H*), would 


not interfere in activation analysis if 
the irradiation flux consisted solely of 
thermal neutrons In practice, how 
ever, this condition is not realized 
One case involving the effect of the 
Al®’ (n,a)Na™ reaction on 
the Na content of Al 
of the Na* (n,y)Na* reaction has been 


found that the 


letermining 
illovs by means 
described (8). It was 
Na™ 
mutation varied greatly 
in the ORNL graphite reactor 
consequent variation in neutron spec 
The contribution was 0.015¢ 
high-flux 
0.0002% Na 


contribution of from the trans 
with position 


and the 
trum), / 
Na equivalent at a central 
position and as low as 
equivalent at low-flux positions near 
the reflector. This shows the 
variation in neutron 
that 


various positions of a reactor and 


wide 
energy distr Du 


tion may be encountered 
gests that the low-flux position 
more useful for 


employing (n,y) reactions thar 
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C 
Around Middle 


Distribution of neutron flux incident on irradiation can in 
hole near reflector of ORNL X-10 reactor (position 14-Z-21) 
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Around Top 


- 


Neutrons Flux 








Top to Bottom 


FIG, 4. 




















Low self-absorption in 7075 Al alloy is demonstrated 
by activity distribution; no effects other than those of flux inho- 


mogeneity considered in Fig. 3 are shown 


The striking de 
reaction on re- 
that a 


high-flux positions. 
pendence of the (n,a) 
suggests 
method for 


actor position con 
venient 
occurrence of transmutation reactions 
would be to perform irradiations in at 
least two positions of different neutron 
energy 
results differ. 

Homogeneity of the unperturbed 
flux. The unperturbed flux of 
trons striking samples and standards 


neu 


during irradiation must be uniform to 


within the precision desired in the 


analysis. Results of one study of the 
homogeneity of the unperturbed flux in 
a relatively cool low-flux region of the 
ORNL graphite reactor are 
Fig. 3. The relative flux at different 
positions on the inside surface of the 


given in 


irradiation can was determined by ir 
only a 
high 


Was 


can containing 
rolled 


system 


radiation of a 
thin 
purity 


liner of specially 
tin foil, A 


scribed on the foil after activation, it 


grid 


was cut up, and the activity at various 
There 


6% difference from one side of the can 


positions determined. was a 
to the other and a 5% difference from 


top to bottom. The over-all pattern 
makes it appear that most of the neu 
trons came from one side of the can and 
slightly above it. 

The poor homogeneity of the unpel 
turbed flux in position 14-Z-21 is prob 
ably not representative of the genera] 
that 
from the rapid fall-off of flux close to 
the reflector The 


this type of error may be reduced to a 


situation in reactor but result 


contribution of 


negligible value by a simple correction 
The variation of the unper 


process 


turbed flux in this position has bee: 


detecting the 


distributions to see if the 


found to be reproducible on successive 
one-week irradiations. 
Sample-packaging effects. 
that 
within an 


One 
lactor can cause variation of the 


flux irradiation unit is at- 
tenuation of neutrons by the material 
containers for salts, samples, 


The 


three NaCl samples irradiated in one 


used in 
standards, ete. relative flux on 
irradiation can but in three different 


packaging materials was as follows 


Container Relative luz 


1100 Al alloy tube 100% 
Quartz vial (l-mm wall V5% 
84% 


Vycor vial (l-mm wall 


Al at thicknesses 

up to 2 em has been observed 
Self-absorption. Attenuation of 

the neutron flux by the samples them- 


No attenuation by 


selves makes the inside of the samples 
The most 
manifestation of 


less active than the outside. 
direct 


this is the dependence of specihe ac- 


experimental 


tivity on sample size. 

Keyes (9) and others (10, 11) have 
developed equations for the attenua- 
neutrons by 


The 


a sphere of dimensions small 


tion of monoenergetic 


capture in samples relation- 
hip Io! 
compared with the mean free path of 


neutrons in the scattering medium is 


3 
Voa 
1 


where f is the fractional decrease in the 


average flux on a sample, N is the 
number of atoms per unit volume of the 
imple, a is the neutron capture cross 
ection for the particular energy, and a 


the sample radius in centimeters. 


August, 1955 - NUCLEONICS 





Unfortunately, without a measure of 
the neutron energy distribution under 
the irradiation conditions and with only 
rather imprecise values for cross sec- 
it is diffi- 
cult to predict the sample size that 
could be 
The situation is further complicated by 


tions as a function of energy, 


used for a given element. 
n,y) capture resonances for neutrons 


in the electron-volt energy range. 
These capture resonances can not only 
be the mechanism for production of 
most of the radionuclide being meas- 
but also cause most of the flux 
In of 
nadequate resolution of neutron mono- 
at the 


esonance energies are not known. 


ired 


ittenuation. general, because 


chromators cross sections 

Several experiments have been car- 
ried out to determine under what con- 
litions attenuation effects may enter 
n the determination of trace elements 
n Al 


s any attenuation by Al samples, a 


In order to determine if there 


split cylinder of 7075 Al alloy (repre- 
sentative of a highly alloyed commer- 
cial alloy) was irradiated in a low-flux 
position of the ORNL graphite reactor. 
The yield was primarily radioactive 
Zn' 
ind the specific activity mapped to 
The 
flux was found to vary over the cylindet 

but the checks 
vell with the variations of the unper- 


The cylinder was then sectioned 


give the results shown in Fig. 4. 


limensions pattern 
3 and does 
7075. 
In 


elopment of a method of activa- 


turbed flux shown in Fig 


not indicate any attenuation by 


Complications with antimony. 


the ae 


tion analysis for antimony (Sb), it was 
Fig. 2, that 


used as primary standards 


found, as shown in ele- 
mental Sb 
elded a product that did not give the 
ime type of radiation as the Sb sepa- 
rated Al-alloy samples. It 


oncluded that either the samples or 


from was 


tandards were not radiochemically 
but repeated purification did not 
The difficulty 


traced to an attenuation effect 


ve them was 


ie elemental Sb. Figure 5 shows 
the total neutron cross section for Sb 
i function of neutron energy in the 
of 0.01-100 ev. Note the reso- 
ince peaks at 5, 15and 2leyv. These 
re associated with captures for the 


range 


Sb n,y)2.8d Sb'*?, Sb!*"(n,7)3.5min 
Sb'*2, and the Sb'*#(n,7)60d Sb'** reac- 
tions, but have not been assigned 

To determine how these resonances 
as a function of 


iffect specific activity 


imple size, approximately spherical 


samples of Sb ranging in size from less 
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FIG. 5. 


than 100 we to more than 300 mg were 
irradiated and their specific activities 
It is seen from Fig. 6 that 
the specific activity of a 10-yg piece of 


compared 


Sb differs from one of “zero” weight by 
2%, and a 100-mg sample is low by 
32% in one reactor position and by 
19% in After the 
Sb'*? had decayed away, an approxi- 


another position. 
mately linear plot of specific activity 
with radius was observed. 

The data fit Eq. 1 provided that the 
attenuation by the two isotopes of Sb 
are considered separately; that is, the 
curves obtained shortly after removing 
the sample from the reactor are resoly- 
able into two curves (one for Sb'*' and 
each of which fits Eq. 1. 
Attenuation effect for Sb'*' is much 
that for This 
would result in Sb!** being produced in 


one for Sb 


greater than Sb!28, 
a smaller proportion to Sb'*4 in large 
samples than in small samples, and 
the lack of 
purity demonstrated in Fig. 2. 
that the 
greater in high flux than in low, 

Antimony 
sorption cross section for thermal neu- 
not 
would 


radiochemical 


Note 


explains 


error on large samples is 


has only a 6.4-barn ab- 


would have 
effect 


cotmnmon 


and 
that an 


the 


trons 
dicted 
Most of 


resonance 


one pre- 
enter, 
elements show 
neutron 


that 


peaks at energies 


below a few key could be 
troublesome 


Sodium. 


section of 34 


total cross 
600 
7 kev, and 

To 


any 


has a 
to 


broad resonance peak at 2. 


Sodium 


barns up ev, a 
a series of peaks above 10 key 
whether 
appreciable attenuation effects in NaCl, 


determine there were 


0.4-100-mg samples were irradiated at 
high and low fluxes and their specific 
acti The 


ities compared results 


Total neutron cross section for antimony 


the table 16, show a 
difference of nearly 10° between small 


| he 


were not sensitive to the differences in 


given in on p 


and large samples differences 


neutron energy distribution, since the 
results found in the two positions of the 
This 


relatively 
the 


reactor were similar demon 


that 


capture cross sections 


low 
key 
enter 


strates with even 
below 
range, attenuation eflects may 
It is unlikely 


trace elements in 


when dealing with 


most samples that 


there would be a sufficiently high 


itomic cross 


to result 


effective cross section 
section times mole per cent 
in serious attenuation within the sam 


ple llowever, the matrix of the sam 


ibsorbing ele 


to 


ple can contain a hight 


ment in concentration sufhment 


shield out 
effective in 


some of the neutrons most 


activating the element 


For 
the specific activity of 


being determined example, as 
shown in Fig 7 
6062 Al alloy 


7 % \ess for samples larger than 100 mg 


containing 0.73% Cd is 


than for a “ zero-weight”’ sample 
Standardization procedures. 
difficult 


attenuation errors and make a corres 


Since it is very to predict 


tion for them, it would seem desirable 
to include in every program of activa 
tion analysis one phase designed to 


these effects When 


elements at fractional 


study dealing 


with ner cent 


' 
a matrix such as Al, 
this 


to 


concentrations in 
which is transparent to neutrons 
how heat 


would involve studies of 


prepare primary standards 


If one considers activation analysis 
as 4 simple comparison method analo 
gous to other instrumental methods of 
analysis, the standards can be samples 
of the matrix that have been calibrated 


Just as 
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by wet chemical techniques 








Specific Activity of Irradiated NaC! 
Position 14-Z-21 


Weight 
(m j 


specifu artivil 
arb. unil 
2,240 
2.100 
2 ORD) 


2,040 


Position 14-B-6 


WV evght 


ig 


Hpecific activity 


arb. unite 


160 
350 
20 


5 
315 


l 
I 
] 
I 





hould 


the 


with spectroscopic analy this 


provide a very useful tool, since 


element being determined may be 


i ooo Or less of the concentration which 
is in the calibrated standard and ma 
be far below the limit of detection b 
other methods of analysi 
This is 


application 


however, a very limited 


and tivation inAalysi 


should be capable of being used 


par with wet chemical analysis as a 


method of direct comparison against 
the usually accepted primary standards 
pure salts or elemental substance 

The problem then becomes one of 
will 
wtivity 
weight of the element as will 
There 
distinct experimental approaches 


1A 


prepared bv admixing the element wit! 


preparing standards that yield a 


product having the same per 


be ro 


duced in the sample are two 


synthetic standard might be 


a matrix having a size and composition 


It may 


large 


simulating that of the sample 
he expected that prohibitively 


blanks and sampling effects will som 


times preclude this procedure. Since 
in general, it would be difficult to simu 
late the entire chemical composition of 
the 


sample being analyzed, it would 


usually be necessary to vary the weight 
of the sample and the standard over 
to see if the observed 


vide limite 


pecific activity in the standard could 
reasonably be expected to be the same 
as that in the sample 

2. The second approach for achie 
ing experimental results of sufficient 
quality to merit thei 


Ure if} primal 


standardization would be to use suffi 
ciently small quantities of the primary 
standard salt or element so that there 
efiect The 


procedure would then be to determine 


would be no attenuation 


the dependence of specific activity on 


the size of the standard, irradiate suffi 


ciently small standards together with 
imples, and determine if the activit 


yields the 


& sample ol 


of the sample of finite size 
same specific activity as 
zero weight 


There are several procedures for pre 





: T T i T 
2 doys after |-week irradiation in 
position 4-8-6 (68% flux) 

OQ 3 doys ofter |-week irradiotion in 
position i4-Z-21 (10% flux) 

@ (0 doys ofter |-week irradiation in 
position 14-Z-2) (iO% flux) 
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Estimoted error represented by size 
of symbol 


Specific activites not comporabie 
between curves 
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FIG. 6. Variation of specific activity of metallic Sb with size 
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concentrations below the sensitivity 


comparison of 
ih work 


{ arbitrary unit) 





Specific Activity 


"300 -«300«400~=«C«S00 
Semple Weight (mg) 


FIG. 7. Specific activity of 6062 Al alloy 
with 0.73% Cd as function of sample size 


ing a standard sufficiently small to 


preclude attenuation. Weighing on a 
torsion or beam-type microbalance per- 
its standards of 100 yg or less to be 
ised 1% 


procedure is simply 


with accuracy A second 


evaporating all- 
quots of large samples on thin foil. A 
third technique would be to electro- 
plate the standard element on a large 
of foil—this 


sufficiently 


piece would provide a 
large quantity of the ele- 
ment to weigh but would distribute it 
form which would 


n a geometric 


minimize attenuation 


Conclusions 


It is concluded that activation analy- 
sis is subject to rather serious limita- 
tions in 


under certain condi- 


the ol 


accuracy 


tions However sources error 


far detected appear to be avoid- 
Vy proper experimental conditions 
vation analysis ippears to be 


to 


apa- 
make it 


( hemi il 


sufficient 
to 


methods of primary 


le of accuracy 


useful supplement wet 
standardization at 
ol 
emical techniques 


+ . 
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Engineered on a unique building- 

block principle, with all key ele- 

ments quickly interchangeable, the 

AMF “Unitized” Control Rod Drive 

Mechanism may be adapted to prac- 

Complete control rod drives tically any atomic reactor system, any reactor con- 
trol need. And the use of standardized units not 

only provides unequalled flexibility, but gives 


for atomic reactors — maximum reliability as well. 


Interchangeable standard drive gears allow 30 


designed and produced by OME different speed variations, with speeds ranging 


from 2.6 to 146 inches per minute. 


Rod weights as high as 100 lbs. may be easily 
accommodated, with standard strokes ranging 
from 2 to 5 feet. 


Precise control and measurement of rod position 
by synchro or potentiometer systems allows the 
reactivity to be varied in accordance with the 
severest reactor requirements. 


Limit switches provide for interlocks with other 
units and safety circuits. 


And the unit may be had with either electro- 
magnet or magnetic clutch “scram” action. 


Highly adaptable and easy to maintain, the AMF 
“Unitized” Control Rod Drive Mechanism typifies 
the advanced engineering that goes into all AMF 
atomic equipment...from control components to 
complete atomic reactors. For more information 
on AMF drives, controls, or reactor systems, write 
the address below. 


AMF ATOMICS Inc. 

; A Subsidiary of 

ore accommodated by moter AMERICAN MACHINE & FOUNDRY COMPANY 
interchangeability AMF Building + 261 Madison Avenve, New York 16, N. Y¥, 


Different rod weights 


Vor s geor 
combinations provide 
great speed 


All connections ore 
flexibility 


easily accessible for 
modification ond 
meintenance 


Housing occommodotes 
couplings for 
individual “scram” 
requirements 


Interchangeable position 
pick-off and feed-back units match 
vorious electronic systems 
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CROSS SECTIONS. 


FIG. 1. 





—— 


Scanner includes drive-motor assembly plus paper-feed and take-up reels 


Automatic Paper-Strip Scanner 


for Detecting Radioactivity 


By DAVID V. COHN, 
G. W. BUCKALOO, 
and W. E. CARTER 


Radioisotope U nit 
Veterans Adminiatration Hospital 
Kansaa City, Missou 

and Department of Pharmacology 
University of Kansas Medical Cente 


Kansas City, Kansa 


Several instrument 

scribed that automaticall 
chromatograms for detecting 
activity (1-4) 


cult machining 


Unfortunate! 

ind engineering 
niques, or the inability to sean 
than a few feet of 
attention, complicate 


papel 
construct 
use of several of these instrument 

simple device adapted from the drive 
mechanism supplied with a commercial 
) 


densitometer model 525 
Photovolt 


Electronic 


Densitometer, Corp., New 


York) overcome these obje tion 
consist ora 


The apparatus (Fig. | 
Plexiglas channel set into the absorber 
or sample-slide slot of a Tracerlab 
G-M or scintillation lead shield Phe 
paper is pulled through the channel by 
attached to a 


synchronous clock motor A hinged 


48 


a rubber-tired whee! 


bracket holds the motor on the channel 
and a loop of rubber tubing serves to 
prevent slippage of the wheel on thi 
paper. An opening is provided on th 
top surface of the channel to hold a 
lead 


aperture 


absorber with l | of desi (l 


The channel is inserted into 








& Plexiglas 





eee 


Dimensions of Plexiglas channel 





FIG, 2 


the shield 


under the 


directly 
Output 
from the latter is fed to a ratemeter and 


so that the slit is 


dete« tion dey we 


thence to a chart recorder. 

The channel 
Plexiglas sheet and glued together (see 
Fig. 2). The sy 


ntegral gear 


ections are cut trom 


nchronous motor with 
H iyvaor! 


Torrington, Conn can 


train \lanu- 
lacturing Co 
be obtained ir it least three speeds 


1, 44, or hi heel hub 


rpm 4 drive-w 
may be fabricated 


metal 


irom plastic or 


and covered with a miniature 


rubber tire (motor-drive 


with 


mechanisms 
bracket 


speeds 


wheel and mounting 
ire available in a 


Photovolt 


variety ol 


Alternately, 


Irom Corp 
a Singer sewing machine bobbin-rewind 
wheel and tire may be mounted on the 
motor shaft with a plastic cement By 
selecting the proper diameter wheel or 
reducing the diameter of the tire 
that 


matches that of the chart recorder 


paper 


peed may be obtained exactly 


For continuous scanning, the chro- 


matograms are spliced together with 


cellulose tape To facilitate mate hing 
chromatogram to chart record, “index- 
ing”’ spots of a mixture of a radioiso- 
tope and a dye may be placed ahead of 
and following the 


each 


paper-feed reel and a 


the starting line 


olvent front of chromatogram 
If «desired, a 
veight powered take-up re¢ may be 


used (see Fig. | The 


ind size of absorber slit must be 


speed of paper 
deter- 
mined in each ipplication lO optimal 
result 
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Effect of Highly Radioactive 
Solutions on Glass pH Electrodes 


By JAMES H. PANNELL* 
Chemical Technology Division 
Oak Ridge National Laboratory 
Oak hidge, Tennessee 


In the 


products 


chemical processing Of fission 


need 


| pu for ¢ r ple in 


there is occasiona : 
for close control 


ion-exchange  s¢ parations This con- 


trol should be most easily obtained by 


means of standard electrodes installed 
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in the appropriate tanks. However, 
there was some question as to the life 
expectancy of the glass electrode when 
mmersed in solutions containing radio- 
» substances at concentrations of 
der of curies per milliliter. 
Beckman 
trodes was tested by continuous expo- 
an acid solution of Ce'*-Pr' 
ving a total activity of about 0.4 


eure; mi To 


inety ol glass elec- 


ure in 
avoid contaminating 
the reference electrode, a salt bridge 
tern an L and N junction 
Corning 881 sealed into the tip of a 
Pyrex Beck- 


main connected 


inating in 
tube) was employed. A 
odel RX electrometet 
to the electrodes with 25-ft leads, gave 
As the 
olution was suffering continuous radi- 
its pH 
continuously so that periodic 
buffer 


vas necessary to check performance ol 


ntinuous indications of pu 


ition decomposition, however 
j 


‘ hange ‘i 


tandardization with solutions 
the ele trode. 


The first 
older type, 


tested 


similar to 


electrode was an 


model 8990 
After 44 hr of exposure, corresponding 
to a dose of 12 K 10° equivalent roent- 
gen, it showed a 0.10-volt drop of emf 
nabout Lhr. The reading was moder- 
itely steady, but 


additional 36 hr 


erroneous, for an 
at which point expo- 
After 


eaning in acid, the electrode still gave 


ire WuHs stopped. thorough 
high pH readings in buffer 
olutions of pu 2.0 and 7.0. Its d-e 


sistance was 200 megohms 


however, 


Y ime as before irradiation. As 
is electrode was of unknown vintage, 
but had obviously seen prior service, 
ne can not conclude that the radiation 
alone was responsible for its 

third electrodes 
Beckman 1190-80, 
general-purpose model of sturdy con- 
Electrode 


rmed well for eight days at pu 1.0 


second and 


sted were type 


truction number 2. per- 
it then exhibited a sudden increase in 
emf, corresponding to pH 0.0, after 
hict t indicated still 
After cleaning and soaking 


HC] 


too low 


gradually a 
er pil 
O.1A the pH indicated was 
electrode number 3 also 
itisfactory After operating con- 
uusly for three days, it gave a read- 
thin 0.15 of the true pH (2.00) on 
this 


solutions exposure of 


performed while an employee of 
on loan to Oak 
Laboratory 


( inamid Co 
National Present ad- 


cal Operations, In Arling- 
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electrode was stopped after six days. 
The fourth tested 
was a type 290-1 with a small tip. It 


electrode to be 
was tested for only four days, during 
which it performed satisfactorily. If 
to limit the dose re- 
this 


volume of 


it were necessary 


ceived by an electrode, one in 
small 


solution could be utilized, 


combination with a 
Darkening of the glass electrode tip 
where it was exposed to the activity 


was visible in all cases after an exposure 


BETA COUNTER with outer plastic housing and lead shielding removed. 


of l hr. However, this evidently does 
not indicate serious damage. 

It is concluded that glass pu elec- 
trodes of the types tested would per- 
form satisfactorily for at least one or 
days in solutions 
Further 


learn the effects of longer periods and 


two containing | 


curie/ml work is needed to 
higher levels of irradiation 
> > > 


This article 
Memorandum CF 4 2-4-1451 


is abatracted from unclassified 





In use, Lucite 


counter housing, shown in front of main unit, is within anticoincidence ring, and is removed 


by sliding along stainless-steel track 


Low-Level Beta Counter for Routine 


Radiochemical Measurements 


By HERBERT L. VOLCHOK® and J. LAURENCE KULP? 


In many beta-counting problems 
there is a need for a versatile low-back- 
Such a 
the routine 
(2.2 Mev), is de- 


illustration). It is 


ground counter counter, 


designed initially for 
measurement of Y* 
scribed here (see 

low 


hut 


useful for very activity measure- 
the softest 


Cosmic-ray and gamma-ray 


ments for all beta 
emitters 
shielding are employed 

The counter employed is a halogen- 
filled flat G-M 
No. H-1007 


\ indow 


counter (Anton model 
with a |-in.-diameter mica 


Che counter is sealed within 


the Lucite housing. The center wire is 
connected to a single BNC eable con- 
nector mounted on the counter housing, 
A short flexible cable rune between this 
connector and another on the base of 
the housing. Careful machining of the 
Lucite has resulted in the mica window 
of the counter being at a constant dis 
tance of about 2 mm from the top of 
the sample 


The samples, which are mounted on 


* Isotopes, Inc 
t Lamont 


Westwood, N. J 
Observatory Co 


N. ¥ 


( ieologit al 


lumbia University, Palisades 
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KOLCNORGEN 


for 
REMOTE 
OBSERVATION 
and PHOTOGRAPHY 


a typical solution 
to problems involving... 


°* RADIATION 
°® HEAT 

* PRESSURE 

© TOXIC GAS 


A Kollmorgen Periscope may be 
the answer to your remote viewing 
and control problem. In most cases a 
scope of standard design and con- 
struction will meet the requirements. 
Where engineering is necessary, we 
are fully equipped to handle any de- 
sign or engineering problems. 

If you have a project calling for an 
industrial type periscope or for any 
precision optical system, check with 
Kollmorgen. For nearly half a century, 
we have designed, deveioped and 
manufactured precision optical prod- 
ucts including Naval Periscopes, Fire 
Control Devices, Projection Lenses and 
Navigational Instruments for Industry 
and for the Armed Services 


check these advantages 


e True Color 

Sharp Definition and Clarity 
Completely Reliable 
No Operating Cost 
Low Maintenance Cost 
Photo Accessories Available 
Selective Magnification 

Send for Bulletin 301. 


CORPORATION 


Plant; 347 King Street, Northampton, Massachusetts 
New York Office: 30 Church Street, New York 7, New York 


brass disks, fit into the receptacle in the 
Lucite slide of the housing. A stop on 
the slide seats the sample accurately 
under the counter window when the 
slide is pushed in as far as possible 

4 2-in. lead shield is sufficient to cut 
out all but the high-energy gamma 
rays Most of the latter are canceled 
by the cosmic-ray shielding—a ring of 
counters (Radiation Counter Labora- 
tories model 52-12 cosmic-ray counters) 
in anticoincidence with the sample 
counter. The over-all length of these 


tubes is 15',¢ in.; the active anode 
length is 12 in The pig tails on the far 
ends of these tubes are connected in 
parallel by a copper ring, which in turn 
connected to the rear BNC connector 
een in the illustratior 

In counting position, the Lucite 
housing is seated in the center of the 
inticoincidence ring, the long handle 
projecting about 2 in. from the front of 
the unit By merely pulling the 
handle, the sample slide moves forw urd 
ind the Lucite housing emerges from 
the ring. Sample changing is then a 
rapid and simple procedure; neither 
the beta-counter nor anticoincidence 
voltages must be turned down, nor 
must any cable be disconnected. 

The plateau for this counter is about 
100 volte long with a slope of about 
0.1%/volt The over-all efficiency of 
these counters with a thin source 
of Y® is 24% With the lead and 
inticoincidence shields in place, a 
background of 1.22 + 0.03 epm has 
been constant for a period of months. 
Without the anticoincidence shield 
and with only the lead shield, back- 
ground was 7 epm; and with no shield- 
ing, 16 epm. 

Sensitivities (counts over back- 
ground) at which +10% accuracy is 
ittainable are 1.2, 0.7, and 0.5 epm 
for counting times of 6, 12, and 24 hr 

A model has been constructed in 
which four Anton counters are placed 
inside the anticoincidence ring. This 

economical since only the one ring 
ind one reject circuit are required for 
four sample counters The reject 
pulses are fed into four separate anti- 
coincidence circuits with four transmit 
channels Beta-gamma emitters re- 
quire the single-counter unit to avoid 
iflecting the background of other 


samples. 


Thia work was supported by the lt S 
diomic Energy Commission under contract 
4 7'-(30-1)-105¢ The authora wish to thank 
W. Tamminga and R. Janes for their tech- 
nical assistance in the mechanical and elec- 


tronic construction. 
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DAYSTROM INSTRUMENT 


FOR PEACE 











TATION 
UNESCO 
_ CONFERENCE 


Geneva, Switzerland 


DAYSTROM INSTRUMENT is in full scale production of nuclear instruments for the Atomic Energy Com- 
mission and industry . . . and has the facilities, “know-how” and skilled manpower to supply control 
instruments tailored to your requirements. You can look to Daystrom for instruments of finest quality, 
utmost precision and top performance. 





Daystrom Instrument Has Also Supplied: 


Control instruments, computing mechanisms, test equipment for all branches of the Armed 
Services .. . and many of America’s leading industrial concerns—as well as foreign companies. 


For The AIR FORCE— For The NAVY — 


Capacitance Testers, All-Altitude Serve Indi- Radar Fire Control Systems, Mine Detecting 

cators, Transistorized Receivers, R F Switches. Devices, Anti-Submerine Attack Directors, 
Cotapult Speed indicators, Serve Control Sys- 
tems, Torpedo Assemblies. 


For The ARMY — For INDUSTRY — 


Mechanical Fire Control Systems, Fuzes, Com- Test Equipment, Computing Devices, Radar 
munication Systems and other instrumentation Equipment, Nuclear Equipment. Gyros, Elec- 
for all branches of the Army. tronic and Electro-Mechanical Devices. 


Write For Our Facilities Report 


DAYSTROM INSTRUMENT 
Archbald, Penna. Div. of Daystrom, Inc. 
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With Boiling-Water Reactors 





STEAM FORMED in core of boiling-water 
reactor drives turbine, thus depositing some 
radioactive corrosion products in turbine. 
For example described here, reactor output 
is 700 Mw of heat for 200 Mw electricity; 
other specifications are: specific operating 
temperature, 500° F; specific power in 
uranium fuel, 10 Mw of heat/ton or 10 
watts of heat/gm; condenser operating 
temperature, 100° F; reactor steam rate 
2,600,000 Ib/hr; water purification rate, 
70,000 Ib /hr; reactor vessel water content, 
140,000 Ib; area of zirconium fuel cladding, 
9,000 ft’; internal area of stainless-steel 
reactor tank, 1,500 ft*; surface area in 
bronze condenser, 200,000 ft®; external 
area of turbine casing, 2,000 ft?. Flash tank 
shown improves performance (4) 


By SAMUEL UNTERMYER 
Atomic Products Division 
General Electric ¢ ‘ompany 


Schenectady, N. ¥ 


Turbine Contamination Causes Only Small Problem 


serviced after 
This 
question frequently has been raised in 
Caleula- 
tions and operating experience indicate 


How can a turbine be 
operating on radioactive steam? 


regard to boiling reactors 


that radioactive deposits on the turbine 


will be only a minor nuisance, and 
special operating procedures will not be 
required, since the radiation level du 
ing turbine overhaul will not exceed 
safe working tolerances 

A turbine in a 


coolant loop will be highly radioactive 


reactors primary 
because of the short-lived products of 
neutron capture by the oxygen in the 
coolant. For all practical purposes 
these activities will vanish after shut 
down. All radioactivity present dur 
ing the repair period originates from 
These 


radioactive impurities are entrained in 


impurities in the reactor water 


the minute droplets of water carried 
into the turbine 
Calculations for a typical boiling-water 


with the steam 


power reactor define the magnitude of 
the problem. 


Example 
For the system shown, water purity 
in the reactor vessel is maintained by a 


continuous repurification system that 
pumps water from the reactor, cools it 
to 100° F, filters out 


removes the dissolved 


particulate 
matter, solids 
reheats the water, and returns it to the 
reactor, Water purification is accom 
plished by mechanical filtration and a 
resin demineralizer. 
Purifier effluent. In 
tions, it is assumed that effluent from 


these calcula- 


the purifier is free from impurities (4 
Decontamination in boiling process. 
Steam separators minimize the en- 
trained water that enters the turbine 
with the steam. Experience in steam 
boiler plants with separators of this 
that it 
deliver steam to the turbine that con 
< 0.0001 


radioactive contaminants 


type indicates is possible to 


tains part water by weight 
Nonvolatile 
are transported only by water drop- 
lets, 


are not 


since these materials evidently 


steam. Conse- 
factor of at 


10* is expected in the boiling 


soluble in 
quently, & separation 
least 
process (1). Tracer experiments con- 
firm these estimates. 

Noble fission-product gases leave the 
the but, 


gases do not they 


reactor with steam since 


these react, pass 


through the turbine without adhering 
The 
noble gases do not condense either, so 
they 
removal system and are diluted 
Thus it 


concentration ol 


to the bucket and other surfaces. 


are removed by the condenser air- 
into 
the atmosphere. is assumed 


that: Fy 


active impurities in steam concentra- 


radio- 


tion of radioactive impurities in water 
ws, 
Since it is evident that most of the 


radioactivity in the steam will pass 
through the turbine without being de- 
posited on the turbine surfaces, it is 
that 20% of the 


contaminants are so de- 


assumed here only 
radioactive 
posited, This is probably an exceed- 
ingly conservative assumption 
Corrosion of component materials. 
Calculation of activity requires knowl- 
edge of the corrosion rates of the prin- 
cipal component materials under oper- 
ating conditions. Extensive corrosion 
tests on zirconium and stainless steel 
at the reactor operating temperature in 
a circulating system are used to esti- 
mate the corrosion rates used in these 
calculations (2). However, zirconium 
corrosion products form an adherent 
that attached for long 


film remains 
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and styling --> 


tomorrow’s design leday ! 


The sleek, efficient and streamline ew Look which characterizes the 
styling of Roller-Smitt é re line dicating instruments, symbolize the 
advanced thinking etal mprovements ncorporated in the des gn of every 
integral port contained in each and every mechanism 

Specify and instal) them in your equipment with the complete assurar 

—they are every bit ‘as good as they look 

Whether the insTtfUment u buy tandard’ or must be designed and mad« 
fo order—be sure its dial bears the name of the master Instrument Mak« 


Roller-Smith—the epitor of instrument quality for nearly fifty year 


4 no Uurmont \Dibbbon 


fe | 


Lt 
1825 WEST MARKET STREET UD BETHLEHEM, PENNSYLVANIA 


See these and other outstanding Roller-Smith products featuring the “new-look” at booth 111, WESCON Show, Civic Auditorium, San Francisco, Aug. 24-26, 1955 
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The BIG QUESTION, always... 
What’s the True Gamma Intensity ? ? * 


Get the answer anytime get it accurately — get it easily, Get 
it with the Victoreen Model 592 or 592A ion chamber GAMMA 
DOSE RATE SURVEY METER the survey meter that’s light 
weight, yet rugged, with a stable, drift-free circuit and wave 
length independence. 

The many desirable features of this fine instrument are the features 
engineers and physicists demand in a survey meter. Check them off. 


17 THREE RANGES OF SENSITIVITY 

MODEL 592 — 0-10, 0-100, 0-1000mr/hour. 

MODEL 592A — 0-5, 0-50, 0-500r/hour. 
Two-stage D.C. amplifier circuit with 100% negative feedback. 
Factory calibrated on x-ray and radium or Cobalt 60. 


Accuracy conservatively rated at 100% of true dose over an 
energy range of 50 Kev to 1.3 Mev. 


Plug-in ion chamber for interchangeability. 
Ion chamber for model 592A may be used in 592. 


Hermetically sealed ion chamber in model 592 is unaffected by 
environmental conditions of temperature, humidity or pressure. 


Single hi-meg and electrometer tube sealed in the ion chamber. 
Two controls . An on-off-range switch and zero set. 
Well balanced with handle on top. 


Rugged, fiber-glass reinforced case easily decontaminated . . . 
meets military requirements. 


. oo oe he 


Weighs only 4% pounds 


- For Further Details . . . Write for Form 3021 


a 
<d 
\Vi INSTRUMENTS DIVISION 


The Victoreen Instrument Co. 


9806 HOUGH AVENUE CLEVELAND 3, OHIO 


|periods. Thus, it is assumed that 


weight gains, as reported in these tests, 
indicate corrosion rate, since it is 
possible that some of the corrosion 
products finally might become de- 
tached. This is a pessimistic assump- 
tion; activity due to zirconium will be 
markedly lower than calculated. 

Turbine corrosion. Corrosion-ero- 
sion rates in the turbine are estimated 
from experience with operation of these 
units. Experience indicates that a 
200-Mw turbine will corrode or erode 
to the extent of about 50 lb/yr and the 
calculations are based on this rate. 

Condenser corrosion. Condenser 
corrosion is assumed to be at an arbi- 
trary rate of 0.1 mg/m?/day In all 
probability corrosion of bronze at these 
temperatures would be too low to meas- 
ure, but there is a certain amount of 
erosion due to impingement of water 
droplets on condenser tubes. The 
value chosen seems reasonable in the 
light of experience. In any case, cor- 
rosion of the condenser is not a large 
contributor to turbine radioactivity, so 
exact information about condenser ero- 
s10n rates is not necessary. 

Other contaminants. Another pos- 
sible source of radioactive contamina- 
tion arises from leakage of cooling 
water into the condenser. This leak- 
age would introduce other contami- 
nants, such as sodium, into the reactor, 

nd if this leakage were to reach large 
amounts, the radioactivity level in the 
turbine could he affected. The caleu- 
lations include a leakage rate of | gal 
hr into the condense This is a high 
rate of leakage, and tighter condensers 
hould be obtainable in practice In 
the special case of seawater cooling 
this leakage rate would introduce 
serious chloride corrosion problems, so 
it could not be permitted for reasons 
other than radioactivity. 

Cladding failure. Fuel element 
failures probably constitute the most 
serious source of turbine radioactivity, 
These failures would not occur often, 
yet it is expected that there will always 
be a smal] number of defective fuel ele- 
ments in each fuel charge. The jackets 
on the elements may fail, permitting 
the fission products in the fuel to be- 
come dissolved in the water at some 
rate. The case calculated assumes 
that one pound of irradiated fuel 
suddenly becomes dissolved in the re- 
actor water Again, it has been as- 
sumed that the turbine must be re- 
paired one day after this incident. 
These highly pessimistic assumptions 


lead to higher activities in the turbine 
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program for developing a nuclear-engine ’ Enjoy the... 


for aircraft. ¢ Attractive salary levels 
¢ Advancement opportunities 

Here you will explore new frontiers of : ¢ Security and extra benefits 

« Unexcelled facilities 

@ Pleasant NEW ENGLAND living 
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thinking. And because ours is a most designer and builder of 

aircraft engine 

Please send a complete resume 
including salary requirements 
be welcomed — recognized to Mr. P. R. Smith, Office 13, 
Employment Bepartment. 


knowledge — have innumerable op- 
portunities to do truly creative 


progressive organization, you 
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DIVISION OF UNITED AIRCRAFT CORPORATION, EAST HARTFORD 8, CONNECTICUT 


than desirable, but this activity slowly 
will be reduced through a number of 
mechanisms. It is most improbable 
that a major fuel rupture would occur 
just before the turbine required repairs. 
Turbine geometry. The turbine is 
considered to be a large cylinder about 
60 ft long and 15 ft in diameter. It is 
assumed that the gamma-emitting con- 
taminants are deposited so that they 
will emit radiation outward, without 
iny interference, even though actually 
the bulk of the turbine serves to 
eliminate radiation emitted in the di- 
rection that requires traversing the 
turbine. Thus, the turbine was taken 
to be a unidirectional source 2 x 
10° em? in area, and the radioactivity 
level at the turbine was assumed as 
mr/hr at turbine Mev/sec of gam- 
mas emitted/area of turbine casing. 
These assumptions also are somewhat 
pessimistic, since a large portion of the 
gammas will be emitted far into 
the turbine structure. An assumption 
that the turbine is a uniform mixture of 
gamma-ray absorbing metal voids and 
active material might be more realistic, 
and this assumption would result in 
approximately 10% as high a radia- 
tion level 
Time of operation. The calculation 
considers the case in which the reactor 
has operated for a very long period 
prior to turbine repair; thus, all activ- 
ities are assumed saturated. Actually, 
in the case of cobalt, which occurs as a 
trace impurity in the reactor vessel 
material, saturation would not be 
reached for about 10 years, so the 
radioactivity from this source would be 
lower than predicted until this amount 
of operation had been achieved. 
Maintenance. It has been assumed 
that maintenance work will not be 
started on the turbine until one day 
after reactor shutdown. This permits 
various short-lived activities to decay. 
Since it is necessary to allow the steam 
system time to cool off in the thermal 
sense, this period of waiting will not 
handicap the plant operator unduly. 
Minor adjustments can be made on the 
turbine after a shorter waiting time, 
prov iding the WOrKing period is reduced 
to allow for the higher level of radio- 
wtivity. One day after shutdown, the 
principal activities are from species 
having greater than &-hr half-lives. 
The water repurification system can 
yrocess the equivalent of the entire 
iquid content of the reactor vessel in 
ibout 2 hr. As previously mentioned, 


the significant radioactive species at 


i 


the time of turbine repair will have 
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ACCURATE 


LOW WEIGHT 
ee a a i a 
tele}, Tel’ iter-y! 


HIGH RELIABILITY 
HIGH PRECISION 
HIGH QUALITY 


FREQUENCIES 








FREQUENCY STANDARD 
240 to 800 Cycles 
Type 50 C 
t .02% at — 65° to 85°C 
Type R50C 
+ 002% at 15° to 35°C 











PRECISION FORK UNIT 
240 to 800 Cycles 
Type 50 
+ .02% at — 65° to 85°C 


Type R 50 
+ .002% at 15° to 35°C 








FREQUENCY STANDARD 
200 to 4000 Cycles 

Type 2003 C 

+ 02% at — 65° to 85°C 
Type R 2003 C 

+ .002% at 15° to 35°C 
Type W 2003 C 

& 005% at — 65° to 85°C 





PRECISION FORK UNIT 
200 to 4000 Cycles 

Type 2003 

st 02% at — 65° to 85°C 
Type R 2003 

+ .002% at 15° to 35°C 
Type W 2003 

t .005% at — 65° to 85°C 








FREQUENCY STANDARD 
200 to 2000 Cycles 
Sub-miniature Tube 
Type 2007 
+ .02% at — 65° to 85°C 
Type R 2007 
+ .002% at 15° to 35°C 
Type W 2007 
+ .005% at — 65° to 85°C 








FREQUENCY STANDARD 
240 to 1000 Cycles 
Transistorized 

Type 2007 T 

02% at — 65° to 85°C 
Type R 2007 T 

002% at 15° to 35°C 
Type W 2007 T 


+ .005% at — 65° to 85°C 











FREQUENCY STANDARD 
200 to 3000 Cycles 


Type 2001-2 
+ .001% at 20° to 30°C 


WHEN REQUESTING 
INFORMATION 
PLEASE SPECIFY 
TYPE NUMBER 





ACCESSORY UNITS 
for Type 2001-2 


L—for low frequencies, 
multi-vibrator type, 40-200 cy, 
D—for low frequencies, 
counter type, 40-200 cy 
H—for high freqs., up to 20 KC 
M—Power Amplifier, 2W output 
P-—Power Supply 








American Time Products, Ine. 


580 Fifth Avenue 
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half-lives much longer than this average Symbols month; 0.0002, 6 months, 
repurification time 0.00015 for 1 vr. 

Possibility of flushing out turbine A¢ source of gamma activity in rate of accumulation of solids 
before servicing. lxperiments indi turbine after cooling when re in turbine ReRsF rF y/R, 
cate that it is feasible to flush out most pairs are started ( corrosion rate, or rate of in- 
of the turbine contaminants by using saturated source of gamma troduction of impurities 
apecial solvents. A dilute solution of activity in the turbine reactor water purification rate 
periodic acid (HIO,) generally has been area of turbine casing (2 > 70,000 tb /hr 
found to be the most effective solvent 10° em*) steam production rate 
for this purpose Decontamination Y = total gamma energy per dis 600,000 Ib /hr 
factors of 10-100 usually are obtained integration S specific power of fuel in re- 
by these procedure however, out ¥ = F,F, = 0.2 x 10 actor 10 watts of heat/gm 
calculations make no allowance fo "» = concentration of radioactive of uranium 
decontamination b uN ig impurities in steam/concen T cooling period after reactor 
For this reason, the , lioacti tration of radioactive im shutdown before repairs are 
ties in the turbine m ' purities in wate ij~* started | day 
lower than calculated ; radioactivity lodging in tur mean radioactive lifetime of 

Calculations. The follow bine/radioactivity passing gamma emitter 
tions were used to obtain resu through turbine = 0.2 mean residence of impurities 
shown in the table weight of water within reactor in reactor vessel M/R, 

Vor isotopes saturated | rrad on vessel 140,000 |b ‘ time after shutdown 
in reactor before corrosion, for exam atoms of element/unit weight weight of fuel dissolved in re 
ple, materials in cladding or tank ¥ power generated in turbine b actor water as result of fuel 

gamma emitters at time ol cladding failure (assumed to 
ToNRoOl turbine repair be 454 gm 
ToNReR&F oF rook /R fraction of operating powe! ( itomic cross-section for pro- 
Ay A se? produced by fission-product ducing gamma emitter 
gammas after a shutdowr a; atomic cross-section for pro- 
In this case, activity decreases linear! period of 7' Jased on Ref ducing | Mev of gamma dis 
with the purification rate, R ine (3), Ps for 2 vears continuou integration ok 
activity 1s proportional to radioact reactor operation is: 0.02 for average effective neutron flux 
lifetime. T's of 1 see: 0.005 for 1 hi 10'' in tank, 10' in fuel 

For isotopes corroding outside the 0.003, 6 hr: 0.002, 1 da cladding, 10'* throughout re 

reactor (such as condenser or turbine 0.0012, 1 week: 0.0006, | actor 





Estimates of Radiation Level in Turbine During Overhaul 


" 
\ormal ope rating corrosvton (‘ondenser | 


Fuel Turbine yu m p F uel claddine 


Equipinu nl adding component el ad f ee ‘ rupture 


Activated ingredient % ) Zi ‘ » 2g Y i % 10 ppm Fission products 


Surface area, m* OOO) 20,000 
Operating temp, “I 50) 100 °I 550 
Corrosion rate, mg /m*/day ) 40) Rapid 
Total corrosion or leakag 

zm /day “4 yf 00,000 90,000 454 gm instantly 
Ingredient corrosion or leak 

age, gin day 0 OOL; i , 7 1.000 040 
Active nucleus 0 in ; , ue Na Na** Fission products 
Mean-life, days 
Atomic gamma-form 

ing cross-section, barn 0.003 0.015 
Gamma energy, Mev /dis 1.3 0.3 } ¢ ‘ ~1 
Irradiation flux . 1oOM 10 10 w 
Irradiation time, hi S: Ss 2 2 ‘ ‘ 9 


‘wm 


Mev/sec in turbine at shut 
down 

Mev/see in turbine during 
repair 

Mr/hr in turbine during re 
pair 
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Control Console for Reactor System 


Vl 


Reactor Core 


5 
7 


- 


| 


> 


PA 


Electromagnetic Pump 


Components for atomic reactor systems 
now available from General Electric 


REACTOR CONTROLS 


preamplifiers 
@ power level amplifiers 
@ control rods 
@ rod drives 
@ control consoles 


REMOTE HANDLING EQUIPMENT 


manipulators 
@ optical systems 
@ inspection stations 
@ transfer dollies 
@ charging devices 


COOLANT SYSTEM COMPONENTS 


@ electromagnetic pumps for 
sodium or molten metals 

@ special mechanical pumps 

@ stop and check valves 

@ freeze seals 

@ electromagnetic flowmeters 


REACTOR SERVICE EQUIPMENT 


@ refueling, servicing, and 
maintenance equipment 

@ storage equipment 

@ fuel element record system 


These components, now available from General Elec 
tric, are used in atomic reactor systems by utility, 
industrial, research, and educational organizations. 
General Electric also designs and manufactures com 
plete nuclear reactor systems (less fissionable materi 
al). The use of the reactors will be governed by the 
Atomic Energy Act of 1954. 


FOR SPECIFIC INFORMATION on any of these com 
ponents for atomic reactor systems, contact your 
General Electric Apparatus Sales Office or write to 
General Electric Company, Section 224-7, Schenectady 
5, N.Y. Send coupon below for new bulletin on G-E 
Components and Services for Nuclear Reactor Systems. 


Progress /s Our Most Important Product 


GENERAL @@ ELECTRIC 


Mail to: General Electric Company, Section A224-7, 
Schenectady 5, N. Y. 


Piease send me new bulletin, GEA-6014, Components & Services 
for Nuclear Reactor Systems. 


}For immediate project For reference only 
Name 
Position 
Company 


City 
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SINCE 


Smoothing Signal Noise 
with the DBR’ Integrator 


Confronted with the well-known problem of random fluctuations 
called “noise,” Ford engineers have employed the earliest and best 
known Ford component — the disk integrator,Used in Ford ana 
logue computers, the disk integrator smoothes random fluctuations 
due to extraneous influences and obtains an average pf the received 
signal. Thus, a device originally designed by Ford for integration is 


successfully used as‘a mechanical counterpart of the RC Filter. 


The Ford circuit operates on the premise that the older the data 
the less important it is. Therefore, data smoothed must be weighted 
in proportion to its age, so that the weight assigned to it decreases 
exponentially with time. The output of the circuit then represents 
the summation of this weighted data and tends to ignore random 


noises of short time duration 


As shown in the drawing, the incoming signal (with noise super- 
imposed) is the input to the differential. As long as the integrator 
output (the roller) rotates at the same rate as the incoming signal 
the differential output (error signal) is stationary and the integrator 
carriage remains stationary. But any change in the incoming signal 
produces changes in the error signal which tends to displace the 


integrator carriage and thus restore the system to equilibrium 


It occurs after a 
If the 


signal is of brief, random nature, the time-lag of the integrator will 


This reaction, however, is not instantaneous. 


certain time-lag which may be adjusted by the gear ratio 


prevent its acting on the system. On the other hand, a permanent 
change in the signal will displace the carriage and change the output 
of the system 

This use of the Ford disk integrator as a noise smoother exe mplifies 


the flexibility and adaptability of Ford components and ideas 


*Disk, Balls and Roller Integrator 


FORD INSTRUMENT COMPANY 


DIVISION OF SPERRY RAND CORPORATION 
31-10 Thomson Avenue, Long Island City 1, N. Y. 


ENGINEERS 


‘ 


unusual abilities 


can find a future at FORD INSTRUMENT COMPANY 


1915 LEADERS IN AUTOMATIC CONTROL 


Write for information 


materials) and for isotopes entering the 
reactor through leakage 


As = T,NROE 
MNReRsF oF rocE/R,? 
A; Ase Te/To 


In this case, activity decreases quad- 
ratically with the purification rate and 
is independent of radioactive lifetime. 

For a fuel-element jacket rupture 
that introduces fission products into 


the reactor water 
P, PsWSRsF oF 7/R, 


As in the case of isotopes saturated in 
the reactor, activity decreases linearly 
with | Pe in 
verted to Ac in Mev/sec by multiplying 
by 6 X 10" 

For the assumptions used in these 


watts may be con- 


calculations, mr/hr at turbine = A, 
5OOA 7, where Ac is in Mev/see and Az 
is in em?*; thus mr/hr Ac X 10°°. 
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REACTOR FACTS 


British partly follow NBS recommen- 
dations for waste disposal. High- 
activity solid wastes, after incineration 
concentration, are put in polyethylene- 
coated standard 55-gal. steel drums, 
embedded 
+-6-in.-thick concrete and by an outer 
shell 
Atomic 


fathom-deep water 


in gravel, surrounded by 


and then dumped by the 
Authority in 2,000- 
National 
Standards Handbook 58 
recommends >1,000 fathoms). Al- 


though Handbook 58 considers pipe- 


steel 
energy 
(U. 8. 


sSureau of 


line disposal as undesirable, some liquid 
wastes are discharged into the sea by 
pipeline. Controlled land burial some- 


times is used for solids. 


Radiation damage may force use of 
one-compartment HTR. Radiation 
$2-in.-i.d. Zirealoy-2 


from the 


damage to the 
tank 
blanket-reflector of Oak Ridge National! 
Laboratory’s Homogeneous Test Reac- 


core 


separating the 


necessitate using a one-com 
partment system (NU, June ’55, p. 41) 
It has been planned to develop HRT in 


tor may 


three steps as far as the blanket is con- 
cerned: first it will use heavy water, 
then thorium, then depleted uranium 


Fuel would be U*** at first, later U**" 
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OW ARE YOUR COMMUNICATIONS ? 


Do the booklets, pamphlets, and manuals you use really work for you? 
Are these vital publications, that tell the story of your products and your 


company, as effective, readable, well designed and illustrated as they can 


be? Today more than ever, your entire operation is judged by each annual 
report, employee manual, and public relations piece that you produce, 
Have you examined your communications lately? If you have any doubt 
as to the impact of your instructional and promotional literature, 


remember 


COMMUNICATION 15 OUR BUSINESS 


For a good many decades McGraw-Hill has stood for complete coverage 
in the business literature field. Now the McGraw-Hill TrecunicaL Writinc 
Service offers a new approach to your publication problems — an inte- 
grated writing, editing, illustrating, and printing service for the custom 
production ol: INSTRUCTION MANUALS, PRODUCT BULLETINS, TRAINING AIDS, 
INDUSTRIAL RELATIONS LITERATURE, ANNUAL REPORTS, COMPANY HISTORIES, 
PROCEDURAL GUIDES and other collateral literature. More than 150 editorial 
and graphic experts are at your disposal, ready to prepare high-quality 
material to your own or government specifications. Save time, save money 

. and make your communications work! Let our staff be your staff for 
technical and business publications. 


MeGraw-Hill Book Co. TECHNICAL WRITING SERVICE 


Write or phone Technical Writing Service, McGraw-Hill Book Co., Inc. 
330 West 42nd Street, New York 36, N. Y. @ LOngacre 4-3000 


This service is available through ad agencies, 
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VERSATILE 
REMOTE 
HANDLING 


A wide range of hazardous opera- 
tions are performed safely with the 
new General! Mills Remote Handling 
Manipulator. The unit offers un 
usual strength (can handle objects 
weighing as much as 750 pounds) 
and superb control (picks up eggs 
without cracking them). 


Continuously variable power and 
speed controls are easily mastered 
and eliminate many of the restric 
tions found in hand-powered or 
position-controlled mechanisms. * 

WRITE TODAY for complete 
details on the Remote Handling 
Manipulator. We'll be happy to 
have a representative call if you 
wish. 


Mechanical Division 


General Mills Ine 


1620 Central Avenue N.E 
Minneapolis 13, Minn 


@ Industrial Instrumentation 
and Control 


@ Specialized Precision 
Computers 


@ Stratosphere Vehicles 


TECHNICAL ADVANCES 


The 6.2-Bey 


proton syn 


Bevatron Produces 
the New Particles 
chrotron at 

the University of California Radiation 
Laboratory has operated stably for 
research 
The 
huge machine provides a controllable 
the 


with 


several months now, and 


results are beginning to emerge 
new 


source of almost al strange 


particles observed certainty wu 
the cosmic radiation; thus far r*, 7 
K,2*, Kyst, Ket, K, eA \ 
2, and hyperfragments have been 
the 


Pions are 


identified among products of 


Bevatron reactions. avail- 


able in an external 5-Bey 


beam; there 
is also a less-pure K-meson beam. 


The full 


energy physics is used to study the 


armory of modern high 
new particles: nuclear-track emulsions 


blocks, 


chambers, 


in large high-pressure cloud 
bubble 


chambers, and scintillation telescopes 


liquid-hydrogen 


Some results: mass of K,.*, 957 m, 
interaction cross section 
, Pp col 


millibarns: at 


of K~, 965 m,: 


of K~ appears geometrical; 
sections in 
1.9 Bev, 35 + 2; at 3.2, 26 + 3; at 


1.5, 24 + 2. 


lision cross 


Uranium-Glass Uranium 
Neutron Detector fission in 


fluorescent 
U glass has been used to detect slow 
while 
The 
detector is a 0.6-mm-thick slip of the 


neutrons with 1% efficiency 


discriminating against gammas 


glass, polished, and bound to a Lucite 
mixture ol 
Light 


light pipe with a viscous 


index of refraction 


detected 


matching 


pulses are with a photomul 


tiplier U alpha particles and back 
biased 


half 


out 
the 


can be 


than 


ground gammas 


without losing more 
fission pulses. 

The fluorescent glass is compounded 
lg NasO 
‘yg KO with 15% by weight of urany!| 
The 
gredients are melted in Al,O, dishes 
at 1,280° C for 6 


in molar proportions 2 SiO 


nitrate hexahydrate pure in 


S hr, then cooled 


slowly The resulting glass is tran 
parent and strongly green fluorescent 
absorption is a maximum in the ultra 
violet, decreases toward the visible 
This work, by Kovacevic and Kostix 
is published in Bulletin of the Institute 
“ Boris Kidricl 


of Nuclear Sciences 


No. 79, 49 (1950). 


N'°-Enriched Th(NO,), A_ practical 
for Th Reactors? process for 


the 
ment of nitrogen to 95% N! 


enrich- 
(natural 
abundance is 0.38 %) may find applica- 
tion in preparing this low-cross-section 
isotope for breeder reactors. 

The problem N'® this: 
aqueous-solution thorium breeder re- 
uwtors (NU, June 54, p. 12) 


i soluble low-absorption-cross-section 


solves is 
require 
thorium compound. Thorium nitrate, 
‘Th(NOs),4, is one of the few compounds 
satisfying the solubility requirements, 
but its neutron-absorption cross section 
the 
absorption cross section of the abun- 
dant (99.62%) N'* isotope. Enriching 
95% N'® (o = 0.08 mb) 
would eliminate this difficulty. 
The 

of a small enrichment (enrichment pe 
>! 05) of N's 
phase of the equilibrium: NO (gas) < 
HNO, Nitric 


down length of an 


is too high because of 1.4-barn 


nitrogen to 


new process takes advantage 


stage, a, in the liquid 


(liquid) acid drips 
the 


and 


exchange 
NO and 
10M 


process 


is converted to 
with SO 
the 


These gaseous oxides of nitrogen rise 


column 
NO.» by reaction 
H.SO, being formed in 
back through the column and eventu 

HNO, by 
On the 

reactions 
the HNO; 
at the bottom becoming enriched in 
N's, For a 


1.5-em'*/em?* 


ally are reconverted to 


passing through water. trip 


up the column exchange 


take place and result in 


column, a 
1OM HNO, 


equilibrium 


1.5-metet 
flow of 
over-all 
after 12 hr, 


researchers T. | 


min 
resulted in an 
separation of 7 report 
Columbia U Taylor 
ind W. Spindel 

still being 
that 
reactor-grade 
$500/lb. The 
enrichment factor 
plant the 
fact that HNO, is recovered and need 
’ and the fact that 


H.SO,, is a by-prod- 


Optimum conditions are 


ought, but it already 


the 


appears 


process can y ield 


nitrogen for about 
favorable value of 
size goes as (a l 
only be “ borrowed 
i useful chemical 
uct help make the scheme economic 
The 5 tons of N! 
100-Mw Th 
supplied in 200 days by a 
that 


$10-30-miliion and produce 1,250 tons 


required for a 
could he 
50-lb/day 


breeder reactor 


plant would cost something like 
of H,SO, per day as a by-product 


how will radiation 


Th(NOs),4? 


ne worry 
lamage affect 
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It’s a young man’s universe! 
Yo other branches of the armed services today 
d few businesses — offer more exciting and 
ted opportunities for the future than are a 


un 


TY 


vail 


try and space vehicle development. 
Shown here is a glimpse of 600,000 square miles 
ir planet. It was photographed from a Martir 
ig research rocket which attained an altitud 
158 miles. This rocket was one of a 


<iT 
Kil 


series de 


in the military fields of aircraft, missiles, 


BALTIMORE -MARYLANDO 


veloped by a team of Martin engineers and Navy 
scientists who have worked together since 1946 

To the young engineer and to the enlistee for mili- 
tary service, this picture says more than words about 
the immense opportunities to be explored 


in unl 
form or out 


in the closely integrated field of mili 


tary and commercial aviation 
Here, in fact, is one of the 


biggest futures in 
the world today. 





MVE ZA FET 8 Pe 


FOR 
VIEWING 
WINDOWS 


Zinc Bromide in optical grade solution has been demon- 
strated to be an effective answer to the problem of shielding 
viewing windows. Michigan Chemical Corporation, for 
twenty years a quality producer of chemicals, offers a prompt 
supply of this compound, Michigan Chemical Zinc Bromide 
now in use has proved satisfactory, and complies with all 
AEC specifications. 


Write us for further information, 
and a reprint of an article from 
NUCLEONICS entitled, “Design 
and Construction of Shielding 
Windows”. 


MICHIGAN CHEMICAL CORPORATION 


Saint Lovis, Michigan 





NRD gives you BOTH... 





SCALER 


and 


COUNT-RATE 
METER 


MODEL B-1800R ser H 
ce Rae one efficient unit 
@ Completely automatic scaler and @ Count rate controls offer 5 ranges 
rate meter permits counting for to 10,000 cps, 5 error selections, 
preset time, preset count, or and remote recorder switch. 
manual operation. 





@ Includes built-in automatic timer, 
@ Pulse height discriminator for elapsed timer, scale selection, 
use with G-M, scintillation, or and operation selector. 
proportional counters. 


*One model of the exclusive NRD ‘‘Uniscaler’’ 
(TM). Write Dept. N for new catalog 
giving complete information. 


6427 ETZEL AVE 
NRD INSTRUMENT COMPANY ST. LOUIS 14.MO 


formerly Nuclear Research & Development Co 


BOOKS___ 


Atomic and Nuclear Physics 


By R. S. SHANKLAND (The Macmillan Co., 
New York, 1955, xv +529 pages, $7.75). 
teviewed by Leon M. Leperman, Depart- 
ment of Physics, Columbia University, 
New York, N. Y 


This book is intended as an introdue- 
tory textbook in modern physics for 
seniors and first-year graduate stu- 
dents. In many ways the treatment 
is most suited for more mature non- 
physicists: chemists, biologists, and 
engineers. It is no longer necessary to 
emphasize the intimate relation be- 
tween modern physics and engineering 
as exemplified by such recent engineer- 
ing revolutions as electronics, nuclear 
energy, and transistors. As a detailed 
descriptive survey of the foundations 
and frontiers of modern physics, this 
textbook should prove invaluable to 
the young engineer, who will be wise to 
keep his eyes opened to the advances 
in this basic domain. 

To the engineer and to the science 
student whose studies depend increas- 
ingly on the knowledge of the structure 
of molecules, atoms and nuclei, the 
level and presentation of material is 
ideal. Subjects are generally ‘intro- 
duced historically with references to the 
original literature. The reader is then 
led to the most modern interpretation 
of the subject, again with ample refer- 
ences to the very recent literature. 
For example, the section on neutrons 
| begins with a description of Chadwick’s 
lexperiment, continues on to describe 
ithe experiments which establish the 
magnetic moment, lifetime and diffrac- 
tion of neutrons, and ends with a brief 
discussion of the neutron-electron inter- 
action. The emphasis is on the funda- 
mental phenomena theoretical sec- 
tions are descriptive with a minimum 
of mathematical detail. Generally the 
relevant theory is presented in the form 
of a basic equation, supplemented by 
explanatory discussion of the underly- 
ing ideas and experimental implications. 

In addition to the conventional 
topics in atomic and nuclear physics 
kinetic theory, the electron, atomic 
structure and spectra, molecular struc- 
ture and spectra, X-rays, nuclear 
structure, natural radioactivity, nu- 
clear transformations), there is a 
very clear survey of solid state, a 
detailed chapter on nuclear energy 
sources, which includes thermonuclear 


land fission reactions, and a discussion 
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fundamentals of reactor tech- 
Two concluding chapters out- 


high 


Many diagrams, 


line the frontiers in energy 
ind particle physics. 
photographs, and tables supplement 
the lucid expos tion of material 

For phy text tends 
to be too qualitative and would have 


to be 


sies students, the 


additional mathe- 
matical detail and by problems (there 
text). As is, t could 
serve to instill in the student a burning 


shored up by 


are none in the 
desire to go more deeply into the sub- 


ject. 


BOOKS RECEIVED 


Materials for Nuclear Power Reac- 
tors, by Henry H. Hausne1 
B. Roboff (Reinhold Publishing Corp., 
New York, 1955, 224 pages, $3.50). 
To be reviewed.) 


and Stanley 


John C. Slater 
Co., Ince., 

Deserip- 
than mathematical, this 
the logic behind the 
theoretical 


Modern Physics, by 
MeGraw-Hill Publishing 
1955, xi + 322 pages, $5.50). 
rather 
outlines 


tive 
hook 
development of physics 


since 1900 


Elements of Physics, 2nd edit., by 
Shortley and Dudley Williams 
Hall, Inc., New York, 1955, 
+ S80 pages, $10.60). Written for 
this 
new edition treats several new topics 
n addition to those of the 1953 edition: 
dynamical systems 


George 
Prentice- 


and engineering students, 


mence 


relative velocities, 


fluid 
iquids 


viscosity, surface phenomena in 


Gauss’ law in electrostatics, 


thermionic vacuum tubes, transistors, 


ind newly discovered particles. 


Electronic Circuits, by Thomas L. Mar- 
Prentice-Hall, Inc., New York 
707 $12.00). Fol- 


discussion of 


tin, Jr 
1955, xix + pages, 
lowing an introductory 
equivalent circuits and the elements of 

ectric circuit theory, this book mainly 
meerns itself with circuits requiring 
ntinuous operation of an electronic 
(C'lasa 
lits requiring discontinuous operation 


Mode). 


approach provides a 


omponent A Circuits) and cir- 


Operation in the Switching 
I'he tical 
basis for circuit formulation. 


Manganese—Metallurgy of the Rarer 
Metals No. 3, by A. H. Sully (Aca- 
New York, 1955 
pages $6.50) With the 
recent commercial availability of high- 


| Press, Inc., 


emic 

+- 305 
irity manganese, this book is timely 
i source of the metal’s current tech- 


noc Topi s covered are the occur- 
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Below is shown the interior of 
one of NSEC’s modern radiochemical 
laboratories. Photograph (right) was 
taken of the cyclotron at the Sara Mellon 
Scaife Radiation Laboratory at 
the University of Pittsburgh. 





ACCELERATOR- 
PRODUCED 
ISOTOPES 
FOR INDUSTRIAL 
AND 
MEDICAL USES 








Nuclear Science and Engineering 
Corporation announces the first 
industrially integrated program for 
the production, processing and 
distribution of accelerator-produced 
radionuclides. No AEC authorization 
is required to purchase cyclotron 
isotopes. Available to any group aware 
of the nature of the product. 


To expedite industrial applications of 
radioisotopes, NSEC has arranged for 
irradiations at several cyclotron 
laboratories to produce radionuclides for 
commercial distribution 


NSEC now offers an extensive line of 
accelerator-produced radionuclides. 
Deliveries will be prompt; prices 
comparable to AEC rates. 


’ - informative catalog will be sent upon 


request. 


C 
MN uclear Boe and bois an ng Neeven g Dor nporalion 


P.O. Box 10901, Pittsburgh 36, Pennsylvania 





SAFETY 
is the key-word in 


KEWAUNEE’S 


GBR 


SYSTEM 


for your laboratory 


Kewaunee CBR 
SYSTEM provides 


@ Greater personnel 
safety 

@ Improved quality 
control 
Maximum space 
efficiency 
Lower operating 
expense 


% 


Chemical Biological Radiological 


~ 


£2a;.,, 


FREE CATALOG. Write 
today for your copy of 
“The CBR System by 
Kewaunee”— required 
reading for Research 
and Industrial Laboratories. 


Co. 
4. A. Atewawnee MG 


5083 S$. Center Street + Adrian, Michigan 


Representotives in Principal Cities 


66 


rence and processing of ores, conserva 


tion and recovery of manganese, and 


its properties and alloy 


General Principles of Geology, ! 
J. F. Kirkaldy (Philosophical Libras 

Inc., New York, 1955, 327 pages, $6.00 
W hile 


relerence 


not attempting to serve as a data 
this book prov 


understanding such information 


ides a basis for 
which 
works listed 


ean be found in the 


Gas Dynamics of Cosmic Clouds (Inte: 
Inv New York 
pager $5.75) This 
symposium held at Cam 
England, July 1953 
the International 
Union the 
Theoretical 


pome ol 


Publishers 
247 


book reports a 


Cwmenes 


1955 Xll + 


under the 
Astro 
Internationa! 
Applied 


discussion 


bridge 
tuspices of 
nomical and 

and 
the 


Union of 
\Viechanics 


ire also included. 


Progress in Nuclear Energy Series. 
physt s 


This new series will cove: and 


mathematics, reactors, nuclear chemical 


engineering, technology and metal 


biology econom ind 


The first 
published 


lurgy, powel! 


resources volume in each 


subject soon a8 feasible 


after the Geneva conference on nuclear 


energy, will consist mainly of papers 


presented at the conference. Pergamon 
Preas Ltd 
Western Hemisphere 


Inc., New York) 


(distribution in 


VU etjraw Hill Bool 


London 


General Physics, 2nd edit., by Oswald 
Blac kwood William Kelly (John 
Wiley Ine., New York, 1955 


704 pages, $6.75) An elementary 


and 
& Sons, 
x + 
introduction to physics, this book uses 
mathematics below the level of calculus 
and draws upon homely phenomena to 
Content 


lear 


illustrate physical principles 
is increased and discussion of nuc 


material is expanded. 


ALSO OF NOTE 


A Glossary of Terms in Nuclear Sci- 
ence and Technology. the 
National 
Conference 

Nuclear 


have 


nde 
sponsorship of the tesearch 
Glossary of 
and Tech 
published 

reactor 


on 


Council 


lerms in Science 


nology sections been 


covering terms in physics 


theory, reactor engineering, chemistr 


chemical engineering, biophysics, radio 


biology, Instrumentation, isotopes sepa 


ration, and metallurgy As a result of 


comments on these sections, the present 


| re 


Ameri 


available as a 
The 
engineers 


York 18, N. ) 


revi ed glossary Is 

posed American Standard 

V echanical 
Neu 


Society of 
West 39th St., 


85.00 


can 





RADIOISOTOPES 
IN BIOLOGY 
AND AGRICULTURE 


. ST OUT! Practical facts 
mow to fit 





and methods show 
radioisotopes into research programs 

how to do experimental work with them 
math and physics to a minimum, Concen- 

on basic principles, illustrated by examples 

diverse fields as physiology, nutrition 
Jescribes facilities 
laboratory 

Oak 
illus . 


ind 
Hold 
trate 
from ach 
entomology soni 
ind p ocedures fo 
ind 6 daomesti 
Ridge Inst. of Nuclear Studies. 
$9.10) 


animal 


461 pp., 83 





APPLIED 
X-RAYS 





itt 
JUST OUT! Foremost 

better results with 
chnigues for 


authority shows how to get 
‘ a at and 
industrial 

type of 


modern x-ray 


entih medical, ane 
vers nec ur heor unpre wed 


spparatus, and techniques of appli ication to 
ms in physics, chemistry, biology, me 

and texture of materials. By G L. C 
of Chem., Univ. of Ll. 4th Ed. 843 pp., 


$12.0 


tructure 
Prof 


illus 


415 





DIELECTRIC 
BEHAVIOR 
AND STRUCTURE 


JUST OUT! Explains relations between dielectric 
ae anavier and structure of matter. Uses experimental 

easurements of dielectric « f lo and 
nature of 
i tructure 
Princeton Univ 








mstant an 

ectric dipole moment to investigate 
liquid onl solids and to study molecular 
By CC. P. Smyth, Prof ad Chem., 
400 pp., 49 illus , $9.00 


Mi sthem as 


\ 
. ND as, poration 
e 





ANALYSIS OF 
FEEDBACK 
CONTROL SYSTEMS 





JUST OUT! A sound, 
closed-loop control systems 
theory xplains clearly 
sutomatic regulators are constructed and how they 
operate, Uses familiar frequency-response approach 

no new mathematics needed. Covers wide no 
of engineering situations. By R. A. Bruns, Calif 
Inst. of Tech., and R. M Sounsess, Univ. of 
Calif. 383 pp., 308 illus., $7.5 


seesesSEE THESE BOOKS 10 DAYS FREEsseeese 


McGraw-Hill Book Co., Inc., Att: H. W. Buhrow 
industrial and Business Book Dept. 
327 W. 41st St., N.Y.C. 36 
Send me book checked below for 10 days 
examination on approval 10 days I will 
remit for book I plus few cents 
for delivery cost return unwanted 
book(s) postpaid delivery costs if 
remit with this coupon return 
ewe 
Comar 
$9.00 
Clark 
Smyth 
$9.00 
Williams— Compleat Strategyst 
Bruns & Saunders Anal. of 
Control Systems — $7.50 
PRINT 
Name 


Address 


practical treatment of 
their ee oe nts and 
servomec 


how anisms anc 


Radioisotopes in Bio. & Agric 


Applied X-rays—$12.5 


Dielectric Behavior & Struc.- 


1.75 
Feedback 


ity 


( 

Company 
Position 
i 


price and terms outside I § NU-8 
te McGraw-Hill Int'l N.Y .€ 


COP ee ee enon seeeeeseseseceeeeeesesesesesesesessesees 
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McGRAW 


whatever .@ 
your 
publication needs... 


Equipment Manuals — Product Cata- 
logs — Handbooks — Training Aids — 
Industrial Relations Literature — Pro- 
cedural Guides — Engineering 
Presentations —— — and any type of 
technical literature 


use our speciglists in ——— 
WRITING .. 
ILLUSTRATING . . 


McGRAW-HILL 


Technical Writing Service* 
330 West 42nd St., N.Y.C. 36 
LOngacre 4-3000 
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mercury 
vapor 
detector 


tells instantly when a hazard exists 
in plant or lab atmospheres 


Meter is calibrated in mercury concen- 
trations for quick indication. The toxic 
limit is a full-scale reading on the high 
sensitivity scale of Model 23, illus- 
trated. Wt.: 7 Ibs.; size 13 x 8%" x 
4\4"'. Three models for varying ranges. 
Write for bibliography on the mer- 
cury vapor hazard, and literature on 
Kruger Mercury Vapor Meters. 


HAROLD KRUGER 
INSTRUMENTS 


BOX 164 * SAN GABRIEL, CALIF 


| radiation | 
Shielding aga 
1¢ rem 


etary [RAY PROOF 
“SOLID LEAD 


re; 


TYPE 

HIGH DENSITY 
“GLASS 

TYPE 34 

SS. FRAME 




















__ } RAY PROOF 
~4*HIGH DENSITY 


\ CONC. BLOCKS 
| [ryPe i) 


HOT CELL WALL SECTION 


Our materials are 
designed to meet your 
shielding specifications. 


ta? 











il 


RAY PROOF | 





Hy) 


| 


WE SOLICIT YOUR INQUIRIES 





for spectrometry . 


FULLY AUTOMATIC 


130 SERIES 


PULSE ANALYSIS SYSTEMS 





available with... . 


DIGITAL or ANALOG 


data recording and in various 
combinations to meet your requirements. 


DE VTRON 


~ 


The Devtron Medel 130-2, 
Automatic Digital Pulse Analyzer 











. EDITING | 
. PRINTING | 





MOVING? 


If you are moving (or have moved), tell us about it, won't 
you? Your copies of NUCLEONICS will not follow you un- 
less we have your new address immediately. Make sure 


you don’t miss a single important issue . . 


. and help us 


make the correction as speedily as possible by giving us 


your old address, too 


NUCLEONICS 


Circulation Dept. 


330 W. 42nd St., New York 36, N. Y. 











PRODUCTS 


Differential-Pressure Pickup 


For measuring differential press: 


in presence of up to 2,000 psi, Dyniss 
units use an unbonded strain-gage 
sensing element Pressure ranges are 
from 0 to 10, 25, 50 1,000 p 

Accuracy is 0.5% of full seal 
Minimum full-scale outputs are 20 
40, or 50 my 


Co., 28 Carleton, Cambridge, Mas 


Dynamic Instrument 


PIPING’ COMPONENTS 


Controlled-Volume Pumps 

Two different approaches to pumping 
controlled volumes are taken by thes 
metering pumps 


@ Single revolution, clutch-operated 
Uni-feeders (above) go through on 
cycle each time a solenoid or ail 
cylinder is energized. Capacity 
preadjusted to provide exact slug of 
fluid. Repetition rate is 1-72 
min, controlled by time cycle, flovy 
pH, or other factors. Capacities 
are 9 X 107° to 27 gal/min Phila 
delphia Pump and Machinery C: 
1513 Race St., Philadelphia, Pa 


® Fluid-flow 
from 7,500-50,000 psi are offered by 
new pumps, with capacities from 
12.5-94 gal/hr 
ing of liquid-end displacement cham 
ber assures high volumetric efficienc) 


control at pressure 


Complete scaveng 


Pressure Gage + Switch 
Control action at any preset pressure 
on gage results from this combination 
of pressure gage and microswitch 
Any of 10 gage capacities, from 0-10 
to 0-10,000 psi, can be used. Gage 
accuracy is 1% Switch carries 5 
amp a-c or 2 amp of 30 v d-c.—W. C 
Dillon & Co., Box 3008, Van Nuys 
Calif, 


regardless of plunger stroke length 
Pump is built of 300 series s. 8. or 
Ni-Cr-Mo steel.—Milton Roy Co 
1300 E. Mermaid Ln., Philadelphia 


18, Pa 


Unique Check Valve 
Technocheck USES valve body, rather 
than valve seat, to allow straight 
line flow when valve is open. When 
flow reverses, valve elements expand 
against wall to seal. Range of ma 
terials may be used in valve construc 
tion. Special valves handle 400 psi 
pressure and 500° F temperature 
Techno (¢ orp., 16 West 5 St., Erie, Pa 





Products Index 


Piping Components 


Electronic Instruments and 
Apporatus 


Radiation Detectors and 
Accessories 


Industry Notes 


Literature Available 











ELECTRONIC INSTRUMENTS 
AND APPARATUS 


Analog-Digital Converter 

Jesides use on a computer, appli- 
cations for ADC-1A converter include 
use as high-speed electromechanical 
sounter and totalizer, digital clock, 
telemetering, conversion of shaft 
position to analog voltages, and vice 
versa. Combined with potentiomet- 
ric system, converter records values 
from many transducer types into 
many types of outputs. Unit is 
134 K 234 in. Output is 13 binary 
numbers, but modifications make 
number of digits practically un- 
limited.——Norden-Ketay Corp., 99 
Park Ave., New York 16, N. Y 


Voltage Amplifiers 
Two amplifiers, for thermocouple and 
similar uses have been announced. 


Different principles are used. 


® Portable selective range d-c propor- 
tional amplifier, model 2HLA-4, uses 
a second-harmonic magnetic .con- 
verter as the input modulator. 
Plug-in units provide ranges from 
0.1-100 mv, with gains varying from 
10*-100. 
from d-c to 20 cycle/sec. 
stands inputs up to 1,500 x full 
scale.—Doelcam, Soldiers Field Rd., 
Boston 35, Mass 


Linear response 18 achieved 
Unit with- 


e Using a high-impedance, null-bal- 
ance system, model T2C takes d-c 
signals and converts them to a 0.0 
0.500-volt 60~ signal. Converter 
uses no batteries, slide wires, solenoids 
or motors. Minimum span is 2 mv; 
spans as low as 0.4 mv can be handled. 
Range is changed by changing cards; 
thus temperature ranges from — 50 
3,000° F are covered. 
Co., 18511 Euclid Ave., Cleveland 12, 


Ohio. 


Swartwout 
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@ Leeds & Northrup has devel- 


oped two types of power sup- 

L&N Precision Stabilized plies to mest the prosision 
P Ss j i requirements of our own in- 
We struments such as the Record- 

° er upp es g uard ing Spectrometer, the Electro- 

. ° Chemograph” and the Infrared 
instrument accuracy against Ges Analyser. These power 


supplies have been so success- 


line voltage fluctuations ful that we are now making 


them available for general use. 





For Multiplier Phototubes and Similar 
High Voitage Applications 


Two Independent Output Voltage Sources — Ranges 
(1) 500 to 1310 volts d-c across 1 megohm load. Continuously 
adjustable with coarse and fine dials. (1; see fig.) 

(2) 480 to 790 volts d-c across 1 megohm load. Continuously 
adjustable with 12-position coarse dial only. (2; see fig.) 

Line Voltage Tolerance — 0.01% d-c output change for a 

change in a-c line voltage from 100 to 125 volts. 

Drift—Not more than 0.01% for a period of 8 hours or more, 

after a 20-minute warmup. 

Ripple—Considerably less than 30 millivolts rms. 

Time Delay Relay Circuit—30 second time delay allows tube 

heaters to come to proper operating temperature before high 

voltage is applied. (3; see fig.) 

Size—19” x 1014” x 10”, for relay rack mounting. 

Catalog Number-——101038 

Price——$715.00 F.O.B. Phila.; subject to change without notice. 





For General Purpose 
Laboratory Applications 


Output Voltage Range—105 to 125 volts d-c, continuously 
adjustable. 

Current Range—0-200 ma at 105 volts. 

Stability—0.05% d-c output change for a change in a-c line 
voltage from 105 to 125 volts. 

Drift—No greater than 0.05% in 24 hours. 

Load Current Regulation—At 105 volts output, load change 
from 0 to 200 ma produces a 0.05% change in output voltage. 
Ripple—Less than 5 millivolts rms. 

Size—9 4” x 13%” x 97%", with metal case. 

Catalog Number— 101-2-0-2 

Price——$276.00 F.O.B. Phila., subject to change without notice. 


Catalog Number—101-2-0-1, same as above except includes 
chassis only without metal case and has a constant voltage out- 
put of 105 volts. 

Price $203.00 F.O.B. Phila., subject to change without notice. 


Order through our nearest district office, or directly from. . . 


LEEDS & NORTHRUP COMPANY 
4936 Stenton Ave., Phila. 44, Pa. 
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18-Range a-c Standard 


(juaranteed without time limit to 
maintain 0.1% accuracy, DYL trans- 





former-coupled  electrodynamometer 


| 


has 13 full seale settings from 5 ma 


LELAB GEIGER-MUELLER TYPE COUNTER TUBES 10 amp, and 7 settings from 5-500 


olts One model is for 50-500 evele 


Metal-Walled Resist Shock current, another for 50-70 Vernie! 


Except for a glass bead insulator, Lelab counter tubes are constructed entirely scale is 12-in. long. has anti-parallax 

of metal. The metal cylinder is used both as the envelope and cathode of the gs : er 

tube—providing it with strength, resistance to shock and simplicity of design mirror.— Sensitive mesearch instru- 
The restriction of all component parts within the diameter of the tube ment Corp., 9-11 Elm Ave., Mt 

permits the close stacking of many tubes within a confined space. Each Vernon, N. Y 

counter is custom-built, filled and tested in order to insure stability and 

reproducible results. 


LELAB PROBE COUNTER TUBE FOR NEUROSURGERY 


(Robinson-Selverstone Type) 


Made especially for neurological surgery and other purposes requiring a 
miniature probe tube. The small needle-like probe provides an ideal way 
A measuring radioactivity in vivo and for probing small areas with a relatively 
strong field intensity. 


Write Dept. B for complete information 


H. W. LEIGHTON LABORATORIES, 26 Herman St., Glen Ridge, N. J. 











RECORDS 24-Galvanometer Package 
TWO INDEPENDENT 


VARIABLES FROM 
ANALOG OR DIGITAL 
INPUTS 


For simultaneous display of 24 sepa- 
rate electrical signals, model 20 visual 
monitor combines 24 moving-spot 


galvanometers in one S 


X-Y PLOTTER , 
A compact, desk-size unit in. package. Screen is 3 
ANO 2 O60) 28) 8 designed tor general purpose Full-seale deflection is 0.2 


graphic recording from analog Spots can be photographed or 


or digital inputs with stand under high incident light Century 
Geophysical ( orp 1333 N Utica 


Tulsa, Okla 


ard “gee converters or 


special modifications engl 


neered to customer require 


ments. Unique pen travel f ’ } 
fast and dependable. Full Binary Multi-Resistor 
chart visibility allowing Values from 0-131.070 ohm “ren 


curve generation to be ob 

s increments are realized by connecting 
served at all times. Write for ' Sipe 
resistors in sealed metal unit, BMR- 


detailed catalog information 2 
105. Error ts 0.01% above 34,000 


Mechanical and electrical ohms ind O0.0OO15% at maximum 
analog computers, digital “< 
computers, input-output . ; 
devices and components o= vithin 5 ppm CC ot 2 ( Julie 


Resear h Labor itories S41 | 149 


setting Temperature coethcient ~ 


Computers and Controls St.. Bronx 51, N. ¥ 
° 


Tester for nm or p conductivity. 
Sample contacted by ybes of JRI 
tester reveals either n or p pe con 
ductivity by direction of galvanom 


] 


eter-pointer swing Baird Associ- 
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Inc., Dept. SN, 33 University 
Rd., Cambridge 38, Mass. 


Portable potentiometer. Readable 
to 0.025 mv, this portable 10-lb in- 
strument has a 40-in. scale. Models 
are available with built-in run-up box 
ind calibrated rheostat for line-re- 
sistance compensation.— Wheelco In- 
struments Division, Barber-Colman 
Co., Rockford, UL. 


Hot-wire time-delay relays. Time 
delays from 0.1—5 see, with recovery 
after only a few seconds cooling, are 
provided by series H thermal relays 
Energizing voltages range from 6.3 
28 v, interchangeably d-c or any 
frequency a-c. Contacts are rated 
3amp, 115 v a-e.—G-V Controls Inc., 
28 Hollywood Plaza, East Orange, 
N. J 


Leakage-current meter. Claimed 
comparable to mirror-type galvanom- 
eters, model 63 measures currents 
from 0.001-1,000 pa with 4% ae- 
euracy With voltage source, mete 
becomes a megohmmeter; and with 
multiplier resistor, meter becomes 
high-resistance voltmeter.—The Hew- 
son Co., 443 Broad St., Newark 2 
N. J 


Portable potentiometer. Accuracy 
of 0.5% is attribute of 7-range indi- 
ecator covering 0.25-25 mv. Balance 
is indicated by light-beam galvanom- 
eter, and no standard cell is needed. 
Four input channels permit multiple 
scanning sJeckman & Whitley, Ine., 
974 Kk. San Carlos Ave., San Carlos 


Calif 


Two-pole mercury relays. Alumina 
mercury-holding cups are features of 
hermetically sealed 2-pole, single 
throw relays tatings are 35 a at 
115 i-c for EM-4; and 60 a for 
H1)-4 Ratings for d-c are 12 a at 
120 v, 7 a at 240 v for both models 
Ibert Electronics Corp., 212-260 
Ave Queens Village 2S 


Non-rigid Teflon tubing. Teflon tub- 
ng for class H service is flexible from 

90-260" © Inside diameters are 
0.014-0.112 in., with other sizes on 
pecial order Hitemp Wires, Inc 
2) Windsor Ave., Mineola, N. Y. 


Automatic capacitance indicator. 
With counter readout for capacitance 
ind dissipation, 601-A will measure 
100 puf-1.00 pf, with 6% dissi- 

tion factors. Instrument can be 
viihed for digital readout G. M 
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As every schoolmaster knows, pupils are from 

time to time capable of the most learned dissertations on subjects 
completely outside the matter in hand. Not, it should be added, 

that these often concern such specialised subjects as Linear 
Amplifiers. To be put fully in the picture on this it is necessary to talk 


to EKCO, who have all the relevant details at their finger-tips. 


LINEAR AMPLIFIER TYPE N5S68 a le 


Developed in conjunction with the Atomic Energy 
Research Establishment, this highly stabilised 
wide-band amplifier incorporates the latest 


advances in the design of linear pulse amplifiers 
for use in nuclear physics. lt comprises main 
amplifier; H.F. head amplifier; and 
cathode-follower head amplifier for 

use with particle counters working 

in che proportional region. A 

maximum overall voltage gain of 

1,000,000 is provided and gain 

stability is of the order of 0.1%. 


Please write for illustrated catalogue of the complete range of Ekco electronic 
equipment for the radiochemical laboratory. 


. EK GD cvcctroric: 


EKCO ELECTRONICS LTD. * EKCO WORKS * SOUTHEND-ON-SEA * ESSEX * ENGLAND 


US. Sales & Service: American Tradair Corp., 34-01, 30th Street, Long island City 6, New York, U.S.A 





1.4 times more gamma-ray 


attenuation than lead... 


Carboloy Hevimet reduces 
shield size and weight 


ore 


Nominal Properties of Hevimet 
Mechanical Properties: 


Tensile Strength (p.s.i.) 95,000 Min 
Hardness (Rockwell C’') 20— 30 
Modulus of Elasticity (p.s.i.) 50 x 10° 
Modulus of Rupture (p.s.i.) 200,000 
Vield Strength (0.2%, offset) (p.s.i.) 75.000 
Elongation (7%, in 2 inches) 2% Min 
Proportional Elastic Limit (ps1) 17,000 


Thermal : 
Coefficient of Thermal Expansion 
(in. /in. /°C) (20° -400°C) 
Electrical Properties: 

Electrical Conductivity 15.4% LACS 
Magnetic Permeability non-magnetic 


56x10 


X-Ray Absorption @ 2,000,000 volts 1.4 x lead 
Half-Vaiue Layer for Co*(inches)(narrow beam). 0.330 
(broad beam). . .0.344 


"Carboloy”’ 


Carboloy® Hevimet makes a more 
effective gamma- or X-ray shield 

with less bulk — than lead. This 
tungsten-nickel-copper alloy is an 
ideal material for shielding ap- 
plications where size and weight 
are critical. 

With its high density (16.9-17.2 
gms/cm"), Hevimet combines ex- 
electrical 
machined 


cellent physical and 
properties. It is easily 
or drilled to 
easily polished or plated 
Hevimet blanks ave available 
in rough, semi-finished, or fin- 
ished form. For complete techni- 
cal information, send for Bulletin 


HV-4 


close tolerances; 


is the trademark for products of the Carboloy Department of General Electric Company 


CARBOLOY 


DEPARTMENT OF GENERAL ELECTRIC COMPANY 
11130 E. 8 Mile Street, Detroit 32, Michigan 


CARBOLOY CREATED-METALS FOR 


rHe NMC mosite 


Beta-Gamma 


AIR MONITOR 


Model AM-2 


FREE CATALOG 


INDUSTRIAL 


Measures 


Falf- Out 


ACCURATELY + RELIABLY + CONVENIENTLY 


For Use Wherever Airborne 
Radioactivity Is Encountered 


A mobile self-contained unit for 
detecting high-energy beta, and 
gamma. Automatic warning system 
for “caution” and “danger” levels. 
No reported failures in over 300,000 
hours of field operation. Weight: 
450 |Ibs. net; 500 Ibs. for shipping. 


$2480.00 


F.O. 8. INDIANAPOLIS 


Catalog NB covers NMC's complete 


line of nuclear instruments 


Send for your free copy 


Te on sn oe 


Sy 


sa 


Nuclear Measurements Corp. 


2460 NW. ARLINGTON AVE 


INDIANAPOLIS 


PROGRESS 


Attura, Industrial Control Co 
New York 


, Wyan- 


danch 


Heavy-duty-work solenoid. Single- 

coil push type solenoid, model 9300, 

has 1.85-lb pull at start of 0.1-in. 

stroke. Rating of 
} 


operates 2-5 >» 


solenoid that 
10* times daily in one 
ipplication is 18-30 v d-c, size is 
about 2 * 1 in.—Carruthers & Fer- 
nandez, In 1501 Colorado Ave 
Santa Monica, Calif, 


RADIATION DETECTORS 
AND ACCESSORIES 


Scintillating Goggles 


Gamma-sensitive scintillator com- 
bined with reference luminosity seg- 
ments makes this light-tight goggle 
i radiation detector. Nine 
tion segments allow monitoring from 


<0.3-50 r/hr. 


calibra- 


Focusing and anti- 
fogging devices are built-in Auer- 
gesellschaft A. G., Berlin N_ 65, 


Friedrich-Krause-U per 24, Germany. 








Combination Scaler-Ratemeter 
Model B-1800R has a linear amplifier 
ind discriminator, preset time or 
count controls, two timers, regulated 
from 700-2,000 v, and 


Higginbotham scale of 128; plus a 


gh voltage 


ount-rate meter with six ranges from 
’ 104 Cpe 


and a choice of five %-er- 


or setting NRD Instrument Co., 
125 Etzel St., St. Louis 14, Mo 


]1-Microsecond Scaler 


Only 1% coincidence loss for rates up 


from |-ys resolving 
decade Input 


trigger voltage is 75-150 v negative 


to 10° epm result 


time in new counters 


output is same making counters 


suitable for case ade operation tead- 
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Tracerlab 
Mass. 


10 neon lamps 
| 0 High St.. Boston 10 


Gamma Spectrometer 
{ nlete system for 
del 513 ineludes Nal well 


photomultiplier, linear am- 


spectrometry 


pulse-height analyzer, preset 
caler, and high-voltage supply 
substi- 


tional counters can be 


| for well crystal. High-voltage 
has 0.02% drift/day 

thin 0.01% despite 100-130 
iriations.-Atomiec Instrument 

84 Massachusetts Ave., 
39, Mass 


output 


Cam- 


}eneapsu- 


Transistorized flip-flop. 


jlug-in binary element, type 
200C'5. is 


tandard 


needed are claimed ‘gerd less 


15¢ &K 1546 in., and has 


7-pin base. Power and 
than tube flip-flops.—Sprague Elec- 
tric Co., 259 Marshall St., North 


Adams, Mass 


Crystal- 


generator 


Digital delay generator. 
mtrolled digital delay 
vides pulses delayed in time with 
pect to internally generated refer- 
repetition rate. 
Accuracy is >1 ppm.—Kaiser Metal 


Products, Inc., Bristol, Pa. 


ence pulse, at any 


Events-per-time meter. Five digit 
meter registers 10° cps with 1 count 

curacy using crystal-controlled tim- 
uit EIT direct-reading dec- 


le sealer tubes are used. Ransom 


Research, Bex 382, San Pedro, Calif, 


Lead shield for counter tube. 

ead shield for Bernstein-Ballen- 
20-in. 
Shield has top door that com 
Shield thick 
tadiological Service 


_& # 


Spec- 


ounter tube is 4-in. d 


encloses tube. 
lho in 


92-15 172 St., Jamaica 33 


_INDUSTRY NOTES 


> Millipore Filter Corp., Watertown, 
Mia has named Richard Cotton as 
nical director, in charge of re- 
ind development on fine-pore 


embrane products 


P Atomic Research Laboratory i+ 

cated at 10717 Venice Bivd., 
Los Angeles, Calif. New site has 
f times the space of the former one 


P Nuclear Development Associates, 
ae 


ict reactor-irradiation studies of re- 


‘Uy 


Inc., White Plains will con 


t ymponents for chents serv- 
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‘(eflo 


Your Best 
Source Is 


Thickness 


Homine! >) 


Sue 
12"12 
16x18 
24x24 
46 x 36° 
48 x 48° 


* Con be furnished 
in Va sheets 


HERE’S WHY: You can 

order in quantity and in Ln 
6 

a wide variety of sizes— 

and be certain of complete 

% 

% 


Our strict density control 
” 


uniformity throughout. 


assures you thoroughly 
non-porous Teflon 

free from any flaws which 
might possibly affect 
your end use or product. 
Dimensions are accurate 


to your most critical 


DIAMETER INCHES 


! 
Ye 
1” 


Other diameters 
on specification 


TYPICAL SIZES 


tolerances—no rejects, 
waste of material or loss 
of time. You get product 
purity — Teflon at its 
best in every one of its 
remarkable characteristics. 
Delivery is prompt—you 
get the quantity you 
want when you want it. 

Since the availability of 
Teflon, “John Crane” 
engineers have worked 
with Industry to successfully 
solve innumerable problems and 
develop new applications. You c 
benefit from their experience 
and know-how. 


INCHES 
0.0 
Ye 


WY 


Characteristics of Teflon 


CHEMICAL 
Completely inert. 
ELECTRICAL 
Very high dielectric strength. 
Extremely low power factor. 
THERMAL 
Temperoture range 
~300" te +500" F. 
MECHANICAL 
Strong, flexible, weather 
resistant. 
LOW COEFFICIENT OF FRICTION 
Absolutely non-stick. 


* DuPont Trademark 


an 


Request full information and ask for our bulletin, ‘The Best in 

Teflon.”’ Crane Packing Co., 1849 Cuyler Ave., Chicago 13, ill. 
in Canada. Crane Packing Co., Lid., 

617 Parkdale Avenue, N., Hamilton, Ont 





Reactor Fuel Elements 
Now Available 


Whether for cross section foils or for completed 
fuel assemblies, take advantage of Metals & 


y 


Controls Corporation’s experience in the field of Or 


ding. A complete facility with proper health, 
security, and accountability operations is avail- 
able to authorized concerns. 


Inquiries are welcome and further information 
is available. Ask for brochure 
Fuel Element Fabrication, 





/METALS & CONTROLS CORPORATION 
GENERAL PLATE DIVISION 


fuel element production 

As a pioneer in the private industrial fabrica- 

tion of uranium Metals & Controls Corporation 

have a flexibility which permits the production 

of a variety of fuel elements for reactors. Alloys 

of uranium with aluminum and zirconium, as 

well as other metals, can be melted and fab- 

ricated into fuel elements with a compatible clad- 

™s 138 FOREST STREET, ATTLEBORO, MASS. i 


INVEST IN 


\ 
{ ) ATOMIC SCIENCE 
Ried 


through a MUTUAL FUND 


ATOMIC DEVELOPMENT 
MUTUAL FUND, INC. 


is designed to provide a managed 





investment in a variety of 
companies participating in activities 
resulting from Atomic Science. 


GET THE FACTS AND FREE PROSPECTUS 


ATOMIC DEVELOPMENT SECURITIES CO. 


1033 Thirtieth Street, N. W., Washington 7, D. C. 


Gentlemen: 


Please send me my FREE PROSPECTUS and other important 


information on the Atomic Development Mutual Fund, Inc. 


Name. 


Address 


City 











wiapt ng tes 
supervising tests, and 


sample s after irradiation 


> Isotopes Specialties Co. has moved 
to larger quarters at 703 South Main 
St., Burbank, Calif. Move was ne- 
cessitated by expansion 0 . 


ihe 


PHallomore Manufacturing Co., 
Long Beach, Calif producers ol 
scintillometers, G-M counters, and 
other electronic devices, has been pur- 
chased by The Siegler Corp., Cen- 
tralia, Ill., and will now be known as 


Hallamore Electronics Co. 


P Amperex Electronic Corp., Hicks- 
ville, N. Y. has appointed Peter Janis 


as chief engineer 


> Dian Laboratories, Inc., 611 Broad- 
way New York N 2 has ope ned an 
analogue computing center Services 


are available on a rental basis 


Beckman Instruments Inc., Fuller- 
ton, Calif., has purchased the Liston- 
Becker Instrument Co., Springdale 
Conn maker of infrared gas 
analyzers, and specialized electronic 


amplifiers 


LITERATURE AVAILABLE 


Flexible hose. [Bulletins 40-44 and 
price list tell story of flexible hose 
and ducts for ventilation tp. each 

The Flexaust Co., 100 Park Ave 
New York 17, N. Y. 


Flow meters. Publication 55-1074- 
222 shows features of electronic, 
? 


mercury-less, flow mete: 2 1 


The Hays Corp Michigan Cit Inc. 


Microfocus X-ray unit. Catalog de- 
scribes X-ray unit with focal spot 
diameter of order of 0.04 mn 12 p 

Jarrell-Ash Co., 26 Farwell St 
Newtonville, Mass 


Radiation instruments. Just pub 
lished catalog illustrates nd de- 
scribes line of laborator radiation 
detectors and iC CEeSSOTICs lucing 
liquid phosphor counters 20 p 
Technical Measurement Cory 140 
State St., New Haven 11, Cor 


100-channel analyzer. Brochu 

scribes PA-3 pulse-height analyze 
with 100 channels B.. @ Pacifie 
lectro-Nuclear Co... 8930 Lindblace 


St.. Culver City, Calif 


Gammoaradiography. Pamplietex- 


plains principles, applications and 
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pment of radioisotope radiog- 

Also available is a booklet on 

company 12 and 8 p.—Tech- 
nical Operations Inc., 6 Schouler Ct 


Arlington 74, Mass. 


Micron-sized filter. Leaflet gives 
cations in atom energy ofl 
ron-sized-pore filter, and price 
shows related equipment Milli- 


Filter Corp., Watertown 72 


Numerical data printers. Two fold 
el ist six models of parallel-entry 
data printers; and four models of 
serial-entry printers. 6 p. each 

Klectronie Diy Clary Corp San 


Gabriel, Calif 


Borides. Catalog on refractory 
grains includes section on B,C 
Booklet on basic materials for in- 
dustry includes section on available 
forms of B 24 p. each Norton 
Co., Refractories Div., Worchester 6 
Mas 


Investing in the atomic age. Bro- 
chure explains unusual investment 
problems caused by nucleonics. 4 p 
Science & Nuclear Distributors 
1500 Walnut St., Philadelphia 2, Pa 


Three-dimensional microscopes. 
Brochure tells how 3-D microscopes 
are used in industry and research 
laboratories 3S p Bausch & Lomb 
( 635 St. Paul St., Rochester 


N \ 


Oscilloscopes and preamplifiers. 
Booklet contains descriptions and 
pecifications of type 530° oscillo 
Scop ind = =plug-in preamplifiers 
16 p.—-Tektronix, Ine Box S83I 


Portland 7, Ore 


Servomechanism components. bul 
gives specifications and 
cteristics for over 130 synchros 
motors and related items 16 
Norden-Ketay Corp., 555 Broad- 


New York 12, N. ¥ 


Pulse test equipment. Four data 
describe variable pulse gene 
ong-time-delay generator, and 

oscillators. 2 p. each 
ro-Pulse Inc., LISI] Major St 
Coit all 


Scintillation spectrometer. Data 

heet [DS 10.16-19 shows RIDLauto 
scintillation spectrometer for 
y-ray analysis. 2 p.—Min 
Honeywell Regulator Co 
ind Windrim: Aves., Phila 
14, Pa 
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NUCLEAR 
RESEARCH 


New studies in the nuclea r held are 


creating positions on our staff for 


those possessing unusual ability in: 


Theoretical Nuclear Physics 


Experimental Nuclear Physics 


Reactor Physics 


Reactor Engineering 


Instrumentation Physics 


and Engineering 


Subbed 


MISSILE 


SYSTEMS 


DIVISION 





research and engineering staff 


LOCKHEED AIRCRAFT CORPORATION 


VAN NUYS + CALIFORNIA 


i 











LINDE synthetic sapphire windows LET TERS 


Trade Mark 
hard... strong... chemically inert 
excellent optical transmission 


Sapphire has long been accepted as a materia! with 


(a \ 
NRL 


excelient chemical resistance, strength at high tem- 
perature and transmission of ultra-violet, visible 
and infra-red radiation. It is finding many new use 
now that it can be produced in disk 
diameter. Thi 


up to 2 inches in 
form allows its excellent optical char- 
acteristi 


along with its outstanding chemical and 


| physical properties, to be used to advantage in many 
in / important applications 
~ 
~~ 
“~ 


rystal 


from ! 


sapphire windows are available in 
to 2 in. and in thicknesses of 1 mm 


Me to in. They are commonly supplied with ground 
Ae ¥ finish or window glass polish. For further information 
~ AS 


diameter 


7 ) call or write your nearest Linoe office 
~ —_—— A 


™ 


Ai, 
le 


LINDE AIR PRODUCTS COMPANY 


A Division of Union Carbide and Carbon Corporation 


——— 


Y men - a 4 
OL 4 30 East 42nd Street [Taq New York 17, N. Y. 
yy Offices in Other Principal Cities 


“Linde” is a registered trade-mark of Union Carbide and Carbon Corporation 





WHERE 


TO BUY 
1ON COUNTING RATE METER for 





H, CLINICAL MEDICINE, MONITORING 





PLASTIC PHOSPHOR NE 101 
Now available in larue blocks up to 16” 
diameter Suitable for laboratory anticoinci 
dence experiments and for ultrasensitive ge 
physical instruments. Standard sizes available 
at low cost for prompt delivery 


LIQUID PHOSPHOR NE 202 


Efficient liquid scintillator sealed in pyrex cells 
in a range of convenient sizes. Provided with 
Me) reflectors encased in Al spinnings 


MARK V1-A AERIAL SURVEY 
SCINTILLOMETER 


First in the field and unsurpassed for sensi 
tivity and reliability 


Write for Bulletin #5 for Specifications and 
Price Schedule 

NUCLEAR ENTERPRISES LTD. 
1750 Pembina Highway Winnipeg 9, Canada 


Berkeley Mode! 2850 

















Larger Sizes Now Available 
Hi-D* LEAD GLASS WINDOWS 
For use in steel, lead, and concrete walls 


*Trademark 


PENBERTHY INSTRUMENT CO. 


665-8 Adams St Seattle 8, Wash 











Berkeley. ss 


division of Beckma 
2200 Wright Ave., R 


PLASTIC PHOSPHORS 
FOR SCINTILLATION APPLICATIONS 


Fast Delivery—Competitive Prices 
For Technical Information and quotation on 
your requirements write 

LARSEN NUCLEAR RESEARCH, INC 
520 Fifth Avenue New York City 











Corrections 
DEAR SIR 


in the 
Nitrogen Fixation in a Nuclear 
’ by L. H. Fuchs and myself 
March ’55, p. 38 
Line 13 on p. 40, right column, should 
read 10~** instead of 107. 
Page 40, right 
The argument of the density-of-paths 


Two corrections are necessary 


irticle 


column, line 33, et seq 


function here and in the figure and 
table should, of course, be the same. 
For p > 2, it is given incorrectly and 


hould be 


V(p) |2B(2/p) E(2/p)| 


(4¢mrp 


Che fraction of energy expended in the 


fis should be 


1/0.59) if \ Pp k Pp dp t [ Vip dp 


vhere X is the range of the proton 
WILLIAM PRIMAK 


Chemistry Division 
trgonne National Laboratory 


Lemont, Illinois 


Radiation Effects 
on the Retina 


Dear SIR 


In the April issue 
“Technical 


stance of a whole organism responding 


there was re ported 
under Advances” an in- 
The follow- 
in 1909 


to stimulation by X-rays 
ing historical note was added 
Helmholtz reported response to X-rays 
by the human eye Mechanism there 
visual detection of induced 
Allow 
me to correct and expand on that note 

Brandes and Dorn in 1896 were the 


first to report that X-irradiation of the 


s probabiy 


fluorescence in the eye itself.” 


human eye aroused a sensation of light. 
Nearly 200 papers have since been pub- 
In one of the 
itest, Bornschein, Pape, and Zakovsky 
report that under optimal conditions a 


X-rays is sufficient to 


lished on the subject.* 


‘-mr dose of 
irouse a sensation of light. 
4 recent studyt confirms the finding 
Newell and Borley in 1941 that in 
duced fluorescence is not the mechanism 
which X-rays affect the retina In 
this study 
threshold-visibility 
ind X-rays and of 


ing doses of light and 


were compared the energies 
doses of light 
visual-purple-ble ich- 


X-rays. The 


findings were consistent with the hy- 
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wothesis that X-rays produce a light 
sensation by direct effect on the photo- 
chemicals of the retina. 

The retina is a marvelous organ in 
which to study the biological effects of 
radiation. The simultaneous absorp- 
tion of 2-5 light photons (of about only 
2 ev), each in a different photoreceptor 
cell, can cause the sending of nerve 
impulses along the optic nerve to the 
brain. This involves an energy ampli- 
fication from photon to nerve impulse 
of at least 10,000. 


om a single optic nerve cell of an 


The nerve impulses 


inimal retina can be detected by con- 
ventional electrophysiological tech- 
niques. The energy amplification of 
the retina then makes it possible to 
bserve the retinal response to less than 

0.2 r of X-rays and the injurious effect 
on this response system of as little as 
lr.t Itis even possible to make these 
studies on an isolated retina in vitro.t 
Need more be said to recommend the 
retina to radiation effects researchers? 
Leo EF, Liperz 

Department of Ophthalmology 

College of Medicine 

The Ohio State University 

Columbus, Ohio 


*L. E. Lipetz teview of the literature 
n visibility of X-rays and radium rays, to 
be published 

rL. E. Lipetz 
tudy of some properties of the vertebrate 


An electrophysiological 


retina thesis 

Berkeley (1953 
t L. E. Lipetz 

for action potential spike in the frog's retina, 


University of California, 
The structure responsible 


anus ript 


WANTED 


{or expansion in 
Nucleonics staff, 
NEWS 


EDITOR 
with hi hélid 
(preferatly experience 
as reporter) plus expo- 
dune lo alomic energy 
field 


require- 
ments to 





The Editor 
NUCLEONICS 
330 W. 42nd St. 
New York 36, N.Y. 
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» EMPLOYMENT OPPORTUNITIES 
NATIONAL The Advertisements in this section include all employment opportunities 
\ COVERAGE 


management, technical, selling, office, skilled, manual, etc 
Civil Service Opportunities 
Selling Opportunities Wanted 


Selling Opportunities Offered 


executive 
Employment Agencies 
Employment Services 
lebeor Bureous 


~ — —-RATES—_— UNDISPLAYED 


The advertising rate is $15.00 per inch for all $1.50 per line, minimum 3 lines. To figure 
advertising appearing on other than a con- advance payment count 5 average words as a 
tract ba Contract rates quoted on request line 

An advertising inch is measured j” vertically Box Numbers--counts as | line 

S$ columns-—30 inches to a Discount of 10% if full payment is made in 

page advance for 4 consecutive insertions 


Positions Vocant 
Positions Wanted 
Part Time Work 


DISPLAYED 


on a column 


Subject to Agency Commission Not subject to Agency Commission 


Send NEW ADS to NUCLEONICS, 330 W. 42nd $1.,N.Y.36,N_Y., for September issve closing August 19th 








ATOMIC ENERGY 
BUSINESS SPECIALIST * * * RADIO-CHEMIST 


This industrial consulting organization has two exceptionally good staff 
openings in its expanding services to industrial and financial groups interested 
in atomic energy and its applications. 

BUSINESS SPECIALIST—Deeree in science or engineering. 1—5 years’ ex- 
perience with training or experience in the atomic energy field Scope of 
work: Detailed technical-economic investigations of industrial opportuni- 
ties, evaluations of new technological developments and of future trends 

RADIO-CHEMIST—Ph.D. degree in chemistry or chemical physics, or 
equivalent in experience, with broad interest in several disciplines. Scope 
of work: Research and development on a variety of industrial problems in 
the general area of radio-chemistry and radiation chemistry 


Please send complete resume and desired salary to Personnel Director 


ARTHUR D. LITTLE, INC. 
30 Memorial Drive Cambridge 42, Massachusetts 
Applied Research for Industry Since 1886 








ENGINEERS °* PHYSICISTS 
MATHEMATICIANS 


Do you have above average ability and want a salary to 
match? 
Do you want a challenging opportunity in a company man- 
aged by scientists? 
These can be yours if you qualify to join our rapidly growing 
military operations research group. 
Positions are available at all levels at above average indus- 
trial salaries. 

CONTACT: Mr. R. A. Langevin 


TECHNICAL OPERATIONS, INCORPORATED 
Washington D. C. Branch 
777 \4th Street, N. W., Washington 5, D. C. 











QUICK SOLUTION TO 
MAN POWER PROBLEMS 


through the EMPLOYMENT OPPORTUNITIES Section of this publica 
tion. The market place for those offering or wanting the service 
engineering, technical and executive level 


i men on 


I his section 
because its 
Waste circulation 1s avoided °° 
NUCLEONICS 
330 West 42nd Street, New York 36, N. Y. 


offers a quick, effective solution to your man power problem 
readership is confined to just the type of men 
. You reach only the men you want 


you need 











FOR 


necessary 


of the research 


Associate with an 
security and 


work 





Admiral Corporation 


(2) 


HEMICAL 


NGINEERS 


ATOMIC FUEL PROCESSING 
AND SEPARATION 

3 to 5 years of plant operation 
experience 


COST ESTIMATOR OF 
CHEMICAL PLANTS 


3 to 5 years estimating 
experience 


Relocation expenses paid 


possibilities 


{ddre 


OPPORTUNITIES 


PHYSICISTS 


® Interesting and responsible positions are open for qualified nuclear 


physicists in Admiral Corporation's expanding research program. 


Challenging problems related to electronics industry. A working know! 
edge of the subject and capable of performing laboratory research is 
Must be able 


to assist in planning and organizing the 


established yet 


for 


work of the department and able to assist in interpreting the results 


growing organization with the 


advancement inherent in this type of 


Investigate these opportunities now 


all resumes to Mr. W. A. WECKER 


Personnel Division 


3800 W. Cortland St 
Chicago 47, Illinois 


Unusual opportunity with Atomic 
Energy Division of Sylvania for 
Chemical Engineer thoroughly fa- 
miliar with all phases of plant oper- 
ations, design, details of separation 
processes and process equipment 
Must have ability to create and devel- 
op necessary techniques & methods. 


The second position calls for 
thorough knowledge in cost-estimat- 
ing of chemical plants, equipment 
and processes. 


Sylvania offers a liberal benefits 
program as well as advanced educa- 
tion assistance. The Laboratory is 
conveniently located in suburban 
Long Island, only 35 minutes from 
New York City. All inquiries will 
be kept confidential and will be 
Inter- 
views will be arranged at our 
Long Island, New York 
Laboratories at Sylvania’s expense 


answered within two weeks 


jayside, 


ease foru ard comptete resume to; Manager o ersonne 
Pl f 1 complet to: Manag P l 


ATOMIC ENERGY DIVISION 


Vv SYLV 


VANIA FC 


{ 


ANIA # 


Box 59, Bayside, Long Isiand, New York 


NEWSMAKERS 


M. A. Schultz, Westinghouse Electric 
Corp., has been elected chairman for 
the coming vear of the administrative 


professional group 


Institute of 


committee of the 
on nuclear science of the 


Radio Engineers 


Frank K. Pittman has 
AEC’s div 
April, 1954, he has 


ved in a similar capacit in the 


been appointed 


deputy director of ision of 


censing Since 


production division 
J. Emmett Maider, Jr., has been named 
by General Electric Co. to be manager 
of its Commonwealth Edison project. 
He is succeeded as manager of manu- 
facturing at Hanford by W. K, 
MacCready, formerly manager of the 
Robert S. Bell, for- 


separations 


reactor section 


merly manager of the 
ection in the manufacturing depart- 
ment, is the new manager of the reactor 


eeded by J. Hugh 


Warren, superintendent of the reactor 


ection He is suc 
operations subsec tion 

Charles H. Weaver, who has directed 
Westinghouse Electric’s atomic power 


division since its organization in 1¥48, 


na heen elected a vice president if 


the ( orporation ; he vill be responsible 
the company’s nuclea 
activities He will be 


John W. Simpson, 


manager ol the PWR project 


power 
suc eeded by 


who has been 


RAW MATERIALS 


CHILE: arranges for uranium pro- 
with U. S. technical as- 

Following talks 
on exploration and development be 
tween the U. §S 
ago and Minister of Mines 
that the [ 
at the same prices paid U. S. pro 


duction 
sistance. current 
Embassy in Santi 
it is said 
. §. will purchase uranium 
ducers. [wo mineral sample s have 
shown uranium contents of 0.55 and 
0) 60%. 


MOZAMBIQUE: 
deposits. The 
Bolidens Gruy 


surveys mineral 
Swedish company 
AB has staked sev- 
claims and has 
prospecting 


eral uranium ore 


applied for exclusive 
rights in the Tete district and for a 
mineral concession in Angola 

discovers uranium de- 


JORDAN: 
posits. Uranium has been found in 
the phosphate area of Hassa village 
in Jordan's southern district. Quan- 
tity and percentages are not yet 


know n. 
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EMPLOYMENT OPPORTUNITIES 





NUCLEAR REACTOR 
DESIGN ENGINEER 


ALL LILE 


att 
pnt 4 


West's leading fabricator 
and division of large na- 
tionally-known corpora- 
tion offers an outstanding 
opportunity in Southern 
California to a Mechani- 
cal Engineer with nuclear 
reactor design experience 
and who has satisfacto- 


rily completed course of el the development 


instruction at Oak Ridge 


School of Reactor Tech- of NUCLEAR AIRCRAFT 
nology. Please send re- c 0 y V A R F W h 
sume of background and at eS ort ort 
experience to Progress is being made in the Applied Nuclear 
Field at CONVAIR — Fort Worth — in nuclear 


‘ analysis, design and experimentation, including the 
P6947 Nucleonics fields of shielding, radiation effects and nuclear 


68 Post St., San Francisco, Calif. aircraft technology. 


As an integral part of General 
Dynamics Corporation’s program of 
pioneering in Nuclear Fields, CON- 








NUCLEAR SCIENTISTS VAIR’S activities afford inviting 


Permanent positions at several levels opportunities for engineers and 
of responsibility are available in re physicists to enter into Nuclear 


earch programs covering all phases Development at its most 
of applied nuclear research for in- 


dustry and government 


advantageous stage. 


RADIATION PHYSICS 
REACTOR APPLICATIONS 
RADIO-CHEMISTRY 
INSTRUMENTATION wa 
TRACER TECHNIQUES 


hese activities are being centralized CONVAIR’S Nuclear Program offers highly rewarding 
n a newly constructed and fully air- rs oe ‘ 
meyg career opportunities both by way of professional accomplish- 

conditioned building containing i : . rye 
complete nuclear laboratories and ment and persona income. company-sponsored, in-plant 
aqueous-homogeneous _ reactor program enables candidates to earn graduate degrees in Nuclear 
facility Location at Technology Engineering. 
Center offers excellent opportunity 
tor professional development and Fort Worth in the Great Southwest hos on abun 
participation in 8 ientific activities dance of sunshine and dry, fresh air conducive to outdoor 
Send resume to Personnel Manager, living and recreation. Within a few minutes drive of 

Armour Research Foundation Fort Worth ore seven lorge lakes which provide ample 
of Illinois Institute of Technology facilities for fishing and other water sports 


I echnolog Center, Chicago 16, 
ee _ For further details write M. L. TAYLOR 
CONVAIR Engineering Personnel Dept. WW 
Fort Worth, Texas 








PHILLIPS PETROLEUM COMPANY 
Atomic Energy Division CONVAln 


idaho Falls, idaho 
ts and Engineers for theoretical and 


perimental work on reactor transients at 
National Reactor Testing Station in Idaho 
Ex lent opportunity for interesting and A DIVISION oF GENERAL DYNAMICS CORPORATION 
fundamental investigation in the field of re 4 — 


r development 
if Be wctenre yonee to Warren Nyer, Phillips FORT WORTH, TEXAS 


Petroleum Co., Box 1259, Idaho Falls, Idaho 








FORT worth 
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Farrel-Birmingh Company, Inc 7 
Ford Instrument Company, Div. of 
Sperry Rand Corp. 60 
General Electric Co. 20, 59 
General Mills inc., Mechanical 


100 CHANNEL “=! : Division 62 


A ' ion icke n 2 
HIGH SPEED PULSE tienen. ee 
HEIGHT ANALYZER USING woe Anes nad See a 
inne ° iv., w r if 
MAGNETIC CORE STORAGE TECHNIQUES a es ee ae 
Kolimorgen Optical Corporation 50 


: : K Inst t y 7 
This instrument incorporates the best design features of the recently “pd a 4 


announced Argonne National Laboratory 256 Channel Analyzer, with Leeds & Northrup Co. 69 
modifications to achieve greater versatility, higher speed, and mechan- sel mgggnagaaa ~ +4 


ical design suitable for manufacture at reasonable cost. Linde Air Products Co., Div. of Union 
Carbide & Carbon Corp. 76 


We invite you to compare each performance specification with those Lockheed Missile Systems Div. 75 
tot > Mallory & Co., Inc., P. R. 4 
of any other existing analyzer, whatever the price. Seite Gos + Theeag 63 
McGraw-Hill Book Co. 66 

Metals & Controls Corporation, Gen- 
SPECIFICATIONS ot thn ihe 74 
Michigan Chemical Corp. 64 

, , Minneapolis-Honeywell Regulator 

ity per channel signal pulses. Co., Industrial Division 4th Cover 
NRD Instrument Company 64 
: National Radiac, Inc. 6 

Freedom from data distortion § or ray tube display of energy distribu Nuclear Development Corporation of 
energy shifts at rates as high as tion curve during and after measure America 8 
5 x 10° CPM ments Nuclear Enterprises Ltd. 76 
Nuclear Measurement Corp. 72 
Linearity: 0.1"), Permanent automatic plot of the Nuclear Science & Engineering Corp. .65 

Patterson Moos Div. of Universal 
Mining Company, Inc. 19 
nail ; Penberthy Instrument Co 76 

entiometer. ‘ . 
Channel width normally 1%. May be . ‘ Pratt & Whitney Aircraft 56 
- ® Optional decimal printed ovtput. Radiation Counter Laboratories, Inc.. 17 
made 0.2"), and the 100 channels ac Radiation Instrument Development 










































































































































































© 100 channels of 65,000 counts capac ® Provision for coincidence gating of 


Average dead time: 40 microseconds Continuous accurate linear cathode 


Complete freedom trom chenne! width energy distribution curve by means of 
drifts. Ne channel width edjusiments a fast precision linear recording po 


curately located in any region of the Lab. 80 
Ray Proof Corporation 67 
Roller-Smith Corp. 53 
Write for further information on this analyzer, and on the Model ona ote age aa Pant rT 
3300A analyzer which has 200 counting channels, and the Model 3300B Linde Air Products Co 76 
whic h h is a count ¢ ipacity pel channel of 1 million a a oe - 

_* ' . vt Where To Buy 76 


spectrum 


rteegte Wey on CLASSIFIED ADVERTISING 
PRICE: $13,650 F. J. Eberle, Asst. Mg 


EMPLOYMENT OPPORTUNITIES 
COMPLETE SCINTILLATION SPECTROMETER 


Less Phototube ond Crystal : . 
This index is published as a conven- 


jience to the readers. Every care is 
taken to make if accurate, but NU- 


EMULE aan AMM LILT MITA | cisonics "scsumes “se esponsininy 


an — . : ai for errors or omissions. 
337 W. 67th Street Chicago 36, Illinois 
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reciston 


SCINTILLATION COUNTING ASSEMBLIES 


...each a complete laboratory facility for counting 


ATOMIC’S 


radiation from gamma emitting materials 


for general counting 


SPECIAL SCINTILLATION SAMPLE COUNTER 


A compact, economical assembly specifically designed for gamma radia 
tion counting. The Detector has a built-in, fixed gain, highly linear, 
non-overloading amplifier for best reproducibility of results over ex 
tended experiments 





; ‘ MODEL 5000 
for counting analysis 


STANDARD SCINTILLATION SAMPLE COUNTING ASSEMBLY 


For greater system flexibility and also for proportional counting and 
other techniques which require separate variable gain linear amplifier 
Controllable amplification allows counting from low energy gamma 
emitters. The Assembly can be expanded into a complete Spectrometer, 
where desirable, by addition of a Model 510 Differential Analyzer. 





MODEL 5010 


for spectrometry 


SINGLE CHANNEL SCINTILLATION SPECTROMETER 


A complete precision tool for qualitative and quantitative analysis of onc 
or more known or unknown isotopes in mixtures Isotopes are identified 
from their energy distribution curves plotted from Sprectrometer data 
The differential discrimination of the Spectrometer permits precision 
count 1” of lead 


ounting with extremely low background with only 


hielding 








Applications for these Assemblies include: chemical analysis, biological 
tracing, medical examination and physical research. Although normally 
equipped with well-type crystals, solid crystals of various sizes may be 


substituted for studies involving solid samples or high energy radioisotopes MODEL 513 


For information about Atomic’s Scintillation Counting Systems please 


Bulletin 5001-1 


ATOMIC 


request 


SALES REPRESENTATIVES 
H. £. RANSFORD CO 260! Grant Bide 
Pittsburgh 19, Pa 
W. A. BROWN & ASSOCIATES Alexondria, Virgiria 
Branch Offices throughout Seutheastern US 
PACKARD INSTRUMENT CO P.O. Bex 428 





Scalers 


INSTRUMENT 
COMPANY 


CAMEBERIOGE 19 


Lineor Am plifiers 


High Voltage Supplies, Scintillation Detectors 


py 


Count Rote Meters, Coincidence Analyzers 
MASSACHUSETTS 


Differential Pulse Height Analyzers 


LaGrange, i !! 

KITTLESON COMPANY Los Angeles 46, Calif 
Branch Offices — Sen Francisco, Calif 
Albvaverqve, NM 

RON MERRITT COMPANY 

CANADIAN MARCON! CO 
Branch Offices Toronte 
Halifax 


Seottie, Wash 
Montreal, *.0 
Winnipeg—Voencovuver 





i. Servo Systems... 
null balance circuits... 


Choose 
BROWN CONVERTERS 


.for sensitive stable performance 


25, 40, 60 and 400 cycles 


DC signals as small as 10 ® volt are converted to AC by 
means of these synchronously-driven SPDT “choppers.” 
Their power capacity is up to 0.1 milliwatt. Each con- 
tact closes for 55°; of the cycle . . . or other closure cycle 
as specified. Symmetry is within 2%. Lag of output 
signal is 17 5° behind line voltage. Thermal emf’s 
and pick-up are practically zero. 


Brown converters are noted for long life. Thousands of 
them have been in service on continuous duty for more 
than 10 years. Their sensitive, stable performance is 
ideal for radar, computers, servo-mechanisms and bal- 
ancing circuits. Numerous special features can be pro- 
vided for individual requirements. All standard models 
are available for immediate delivery. 


ORDER NOW! Prices from $35.75 


even more favorable costs for quantity purchases) 


Standard 
six-prong base 
with side 
connection for 
driving coil 


Available in these ratings 


Nominal 
frequency, cps 


25 40 | 460 400 


Synchronous 


range, cps 23-28 36-44 | 45-66 360-440 


Driving Coil 6.3 volts, 60 ma. | 18 volts, 
| 94ma, | 


MINNEAPOLIS-HONEYWELL REGULATOR Co., Industrial 
Division, 4571 Wayne Avenue, Philadelphia 44, Pa. 


Standard MIinné€aro.eits 
exe H| Honeywel 


ee 


Tout we Couttols 





